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Part I. 
THE PREPARATION OF N-METHYL-MENTHYLAMINES ETC .• 
BY MEANS OF A NEW METHOD OF N-ALKYLATION. 
A• INTRODUCTION. 
Alkylation may be defined as the introduction 
of an alkyl radical by substitution or addition into 
the molecule of an organic compound. The introduction 
of an aralkyl radical, such as benzyl, is also included 
under this heading. Alkylation may be divided into 
five general types according to the linkages effected, 
namely:-
(1) Substitution for hydrogen in the hydroxyl 
group of an alcohol or a phenol, the alkyl group being 
bound to oxygen. 
(2) Substitution for hydrogen attached to nitrogen, 
where the alkyl group is bound to trivalent nitrogen. 
(3) Addition of an alkyl halide or an alkyl ester 
to a tertiary nitrogen compound. In this case the 
alkyl is again attached directly to the nitrogen atom, 
which now however engages four valency bonds and becomes 
the seat of a positive charge. 
(4) Substitution for hydrogen in carbon compounds, 
the carbon of the alkyl group being bound to the carbon 
of either aliphatic or aromatic compounds. If an 
aromatic hydrogen is substituted the alkylation is 
called nuclear alkylation. Both are examples of 
carbon to carbon alkylation. 
(5) Direct linkage of alkyl to a metal, as in 
alkyl-metallic compounds. 
Alkylation is of the utmost importance in 
organic chemistry, both in the laboratory and in in• 
dustry. Thus one or other of the types of alkylation 
outlined above is continually being met with in the 
preparation of such varied substances as anaesthetics, 
antipyretics, alkaloids, antiseptics, dyes, explosives, 
flavours, hypnotics, intermediaries, perfumes, photo-
graphic chemicals, plastics, rubber accelerators, sol• 
vents, soporifics, gasoline, etc •• 
The reagents used to bring about alkylation 
are known as alkylating agents. These may be sum-
marised briefly under the following headings:• 
(a) Alcohols. 
Alcohols are employed as alkylating agents 
chiefly in technical processes, largely as a result of 
their availability at low cost. Suitable catalysts 
are required in practically every case and excellent 
yields are obtained. For example, dimethylaniline is 
prepared from aniline and methanol in the presence of 
a small amount of sulphuric acid, while diethylaniline 
is made from aniline and ethanol using hydrochloric 
acid as catalyst. The lower aleohols are now commonly 
used for the catalytic vapour-phase synthesis of alkyl• 
amines and for the alkylation of phenols. 
(b) Alkyl halides. 
Alkyl halides are employed extensively in the 
laboratory as alkylating agents. The lower members of 
the series are now available at low cost, owing to 
modern methods relating to the addition of hydrochloric 
acid to olefines and the dehydrochlorination of poly-
chlorinated paraffins. Ethyl chloride, for instance, 
is used extensively for various types of alkylation, 
including the preparation of diethylamine, the carbon 
to carbon alkylation involved in the manufacture of 
barbital and for the preparation of alkylated metals 
such as lead tetraethyl. Methyl and ethyl bromides 
and iodides are among the commonest alkylating agents 
They react easily and are used in the prep• 
aration of drugs, medicinal chemicals, simple and mixed 
ethers and for the alkylation of phenols and amines. 
(c) AlkYl sulphates. 
Dimethyl sulphate and diethyl sulphate are 
now widely employed as alkylating agents, in the pre• 
sence of alkali. Dimethyl sulphate is used extensively 
for methylation leading to alkyl-oxygen and alkyl-
nitrogen compounds. Diethyl sulphate does not react 
so readily as dimethyl sulphate. In an anhydrous 
medium, however, both the ethyl groups can be made to 
react, whereas in the presence of water only one of the 
ethyl groups can be used for alkylation. 
(d) AralkYl halides. 
Benzyl chloride is the commonest example of 
this type and is almost always used for the introduction 
of the benzyl group as in the alkylation of ethyl aniline 
to benzyl ethyl aniline. 
(e) Arylsulphonic alkyl esters. 
Methyl benzene sulphonate and methyl toluene 
sulphonate are used for the preparation of tetra-alkyl-
ammonium compounds. Aeeording to Sekera and Marvel, 
(_i. !!!• Chem. ~·, _22, 345 [1933]), the higher alkyl 
(<C.1o and above) esters of P•toluene sulphonic acid and 
P•bromobenzene sulphonic acid are of great value as 
alkylating agents in the preparation of alkylamines, 
since they react more smoothly than the sluggish higher 
6. 
alkyl halides and are obtained more easily than the 
higher alkyl sulphates. 
In addition to these reagents, certain 
alkyl quaternarY ammonium compounds have been employed 
for alkylations leading to such substances as phenetole, 
antipyrine, acriflavine and caffeine. Olefines, in the 
presence of a metallic halide or sulphuric or phosphoric 
acids can also take part in syntheses involving alkyl• 
ation. In addition, the use of aliphatic diazo-
compounds, e.g. diazo•methane, for certain types of 
alkylation may be mentioned. 
B. THEORETICAL. 
-
A new method of N-alkylation. 
The normal methods of !-alkylation involve 
treatment of a primary base with dialkyl sulphates or 
alkyl halides. The product usually consists of a 
mixture of unchanged primary and secondary and tertiary 
bases, while the formation of even some quaternary 
ammonium salt may not be entirely excluded. The rela• 
tive proportions of these bases in the mixture will 
naturally depend on the molecular concentration of the 
alkylating agent used, so that it is possible, by modi• 
tying the conditions of the experiment, to prepare 
mixtures in which the desired substance, be it the 
secondary or tertiary base or the corresponding quatern-
ary ammonium salt, is in preponderance over the others. 
Even in such oases, however, isolation of the desired 
base in the pure state involves its separation from the 
mixture by one or other of the recognised classical 
methods. Treatment of the mixture with nitrous acid 
results in the destruction of unchanged primary base 
and the conversion of the secondary base present into 
a nitrosoeompound, while the tertiary base remains 
unaffected by this reagent. The tertiary base can 
8. 
therefore be isolated in this way, while the nitros• 
amine formed can also be separated and the secondary 
base regenerated from it by hydrolysis with a suitable 
hydrolysing agent. Any unchanged primary base is 
however lost in the process. This procedure, while 
quite straightforward in principle, is not so satis-
factory in practice. In the case of valuable bases, 
loss of unreacted primary base and the poor yields so 
often obtained may prove a source of considerable 
annoyance. Moreover, unless the tertiary base so 
isolated can be further purified in the form of a 
crystalline derivative, no positive guarantee of its 
purity can be advanced, since it is often difficult 
to remove all secondary base present as nitrosamine. 
Only in the ease of the secondary base is the method 
sometimes entirely satisfactory, namely in such cases 
where the nitrosamine is relatively stable, thus en• 
abling it to be purified by distillation under dimin-
ished pressure, or when it is a solid at ordinary 
temperature and can be purified by recrystallisation. 
In the case of liquid amines, the latter condition is 
the ideal one, since the intermediate product is a 
solid. Even then, however, hydrolysis of the nitros• 
amine to the corresponding secondary base may not be 
too easy. When separation of the mixture of bases is 
9. 
effected by means of the Hinsberg reagent, the primary 
base can be regenerated and recovered. This advantage 
is, however, offset by the fact that regeneration of 
the secondary base is often extremely difficult. 
In spite of the difficulties indicated above, 
these two methods have proved of the utmost value and 
effect a sufficiently good separation of primary, 
secondary and tertiary base for most general purposes. 
In delicate stereochemical work, however, where com• 
plete stereochemical purity is demanded, their appli~ 
cation is strictly limited. For such work, a more 
direct method of mono• and di•N•alkylation, which 
would eliminate the complications involved in the 
separation of mixtures of primary, secondary and ter• 
tiary amines, has therefore long been sought. In all 
organic work, but particularly in stereochemistry, the 
isolation and purification of intermediate compounds 
is essential in passing from one stage of a synthesis 
to another. Only in such cases can the purity of the 
final product be assured. 
Such a method of N•alkylation has now been 
worked out on the basis of a recent observation by 
Clark and Read (~.Q.~., !22A, 1775), who noticed that 
l•menthylglycine decomposes upon melting with the 
10. 
formation of H•methyl•l•menthylamine and carbon di• 
oxide. 
) 
This was confirmed by Galloway (Dissertation. 
St. Andrews, 1935), who repeated the experiment on a 
larger scale. The following method was used in pre-
paring the 1-menthylglycine:• 
Slightly more than two molecular proportions 
ot l•menthylamine were condensed with one molecule of 
0 
ethyl chloroacetate for three hours at 120•130 , when 
condensation occurred with formation of ethyl-l•menthyl-
glycine and elimination of hydrochloric acid, which was 
immediately fixed by the excess primary base present, 
according to the equation 
2C10H19•NH2 + Cl•CH2•COOEt 
) c10H19•NH•CH2•000Et + a10a19•NH2 ,H01 
A quantity of 5% methyl alcoholic potassium 
hydroxide sufficient to hydrolyse the ester and to 
neutralise the hydrochloric acid formed above was then 
added and the whole refluxed for two hours on the water-
bath, when the hydrolysis was complete. 
11. 
a10H19•NH•OH2 •COO&t + e10H19•NH2 ,HC1 + 2KOH ) a10H19•NH•CIH2 •COOK + a10H19•NH2 + EtOH 
+ KCl + H20 
The alcohol and excess !•menthylamine were 
removed by steam-distillation and the base recovered as 
hydrochloride. The remaining alkaline solution was 
concentrated to smaller bulk, cooled in ice and carbon 
dioxide passed in till the solution was acid. Under 
these conditions, the 1-menthylglycine, being the least 
soluble constituent of the mixture, was precipitated. 
2C1oJi19•NH•CH2•COOX + C02 + H20 
) 2C10a19 •NH •CH2 •O.OOH + K2a.o3 
After recrystallisation the !•menthylglycine 
was subjected to pyrolysis at 200°, the resulting!-
methyl·l-menthylamine being steam-distilled away from 
alkaline solution and isolated as the hydrochloride. 
The hydrochloride again was recrystallised up to maxi-
mum rotatory power and the free base liberated from the 
pure hydrochloride. The !-methyl-1•menthylamine so 
obtained was stereochemically pure and was character• 
ised by Galloway in the form of its derivatives with 
benzoyl chloride, p-toluene-sulphonyl chloride and 
nitrous acid. Galloway, however, made no mention of 
12. 
the physical constants of this secondary base. 
Similarly, starting from d·~menthylamine, 
Galloway succeeded in getting through to !-methyl•d• 
~menthylamine by applying this method of !•alkylation. 
Again no physical constants have been recorded for the 
base, which has however been characterised by the same 
three derivatives as for !-methyl-l•menthylamine above. 
It should of course be mentioned that Galloway was 
mainly interested in the nitroso-compounds of these 
bases, from which he hoped to prepare ~-methyl•l• 
menthylhydrazine and ~·methyl·g-~menthylhydrazine 
respectively, by applying the methods of Kijner and 
Fischer. 
This work on the mono•!• methylation of 
!•menthylamine and g·~menthylamine has now been 
repeated more exhaustively and the gaps left by 
Galloway have been filled in. In particular, the 
main physical constants of these secondary bases have 
been determined. It has further been shown that the 
method is not quite so straightforward as was at first 
supposed, since an important subsidiary reaction occurs 
at two distinct phases of the process. 
(a) The hydrolysis of ethyl•g-n!2menthylglycine 
to ~-n!2menthylglycine with alcoholic potassium hydroxide 
does not proceed entirely in the desired direction. 
A subsidiary reaction occurs by secondary condensation 
involving the simultaneous formation of a small amount 
of 1,4•di·d-~menthyl•2,5•dioxypiperazine, as indi-
cated by the equation 
c10H19NH•CH2 •COOEt 
~ 
EtOOC•CH~NH•C10H19 
The extent ot the subsidiary reaction is how-
ever very limited and does not appreciably effect the 
yield from the main reaction. 
(b) The free menthylglyc1nes, on pyrolysis, show 
an even greater tendency to undergo a similar secondary 
condensation, two molecules of water being eliminated 
between two molecules of glycine, as follows:-
c10H19 •NH•CH2 •COOH 
___, 
In the case of d•n!£menthylglycine, pyrolysis 
gives an 85% yield of N•met.hyl•d•!!!!Q.menthyla.mine. For 
mation of piperazine is therefore definitely a subsid-
iary reaction in this instance, occurring to the extent 
of not more than 15%. The piperazine condensation is 
however much more marked in the ease of 1-menthylglycine, 
where pyrolysis results in a 60% yield of ~-methyl•l• 
menthylamine. This increase in the extent of the sub-
sidiary reaction may well be due to the spatial effect 
of the neighbouring isopropyl group in the latter mole• 
cule. It is of interest to note at this stage that 
pyrolysis of N•phenylglycine under similar conditions 
gives a 70% yield of piperazine, this being therefore 
the main reaction in this ease. An indication of the 
reasons for the relative variations in these two re• 
actions on the basis of the electronic theory will be 
given later (p.28 ). 
This method of N•alkylation has now been 
further applied to effect the conversion of mono·~­
methylated menthylamines into the corresponding di·!-
methylated bases. Continuing the progressive N-methyl-
-
at1on of l•menthylamine, slightly more than two molecules 
of !•methyl-1-menthylamine were condensed with one mole• 
eule of ethyl chloroaeetate for 6 hours on an oil bath at 
The hydrochloric acid formed was fixed by the 
excess base as before. 
2C.10H19 •NH •CH3 + C l•CH2 •O.OOEt 
~ c:10H19•N(CH3)•CH2•C00Et + a10H19•NH•ClH3,HCl 
15. 
A quantity of 5% methyl alcoholic potassium 
hydroxide sufficient to hydrolyse the ethyl-N•methyl-
!•menthylglycine and neutralise the hydrochloric acid 
was then added and the mixture refluxed for two hours 
on the waterbath. 
c10H1gN(CH3 ) •CH2COOEt + C10H19NH•CH3 ,HC1 + 2KOH 
-~> e:10H19N(CH3) •CH2COOK + a10H19NH•CH3 + EtOH 
+ KCl + H20 
The alcohol and excess !-methyl-l•menthylamine 
were then removed by steam-distillation and the base 
recovered as hydrochloride. The aqueous alkaline 
solution was concentrated, cooled in ice and saturated 
with carbon dioxide. No preeipi tate was obtained in 
this case, owing to the extreme solubility of !-methyl• 
.1-menthylglycine. The solution was therefore just 
acidified with dilute hydrochloric acid and evaporated 
to dryness. The hydrochloride so obtained was extrac• 
ted with chloroform and then converted into the insol• 
uble calcium salt with calcium hydroxide solution. 
Treatment of the calcium salt with the calculated amount 
of sulphuric acid, removal of the insoluble calcium sul• 
phate by filtration and evaporation of the resulting 
neutral solution to dryness yielded the required N•methyl-
-
.1-menthylglyeine. 
16. 
0 H •N(CH ) •CH •COOK + 2HC1 10 19 3 2 
--~> C 0H •N(CH3) •CH •COOH,HCl + KCl 1 19 2 
2Cil10a19•N(CH3)•CH2•COOH,H01 + 2Ca(OH)2 
) (0.10H19 •N(CH3)•CH2 •coo) 2Ca + CaC12 + 4H20 
(a10a19•N(CH3)•CH2•C00) 2Ca + H2so4 
> 2C10H19•N(CH3)•CH2 •COOH + Caso4 
·The N•methyl•!•menthylglycine was recrystal• 
lised and heated for one hour on an oil bath at 200°. 
Decomposition occurred, yielding !-dimethyl•l•menthyl• 
amine and carbon dioxide. 
The tertiary base was removed by steam•distil• 
lation from alkaline solution. After extraction with 
ether and drying, fractionation gave an almost quantit• 
ative yield of !•dimethyl•!•menthylamine. 
In a like manner the progressive N•methylation 
of ~-n!2menthylamine has been carried to the tertiary 
stage by condensation of N•methyl-~·B!2menthylamine with 
ethyl chloroacetate and hydrolysis of the resulting 
ethyl•!•methyl·~·~menthylglycine with alcoholic potasa 
sium hydroxide, The free !-methyl-~ .. ~menthylglycine 
17. 
was again too soluble to be precipitated by saturating 
the aqueous alkaline solution of its potassium salt 
with carbon dioxide. Neutralisation with dilute hydro• 
chloric acid and evaporation to dryness yielded a syrup 
which crystallised on cooling. The organic part was 
extracted with chloroform and found to consist of the 
required N-methyl-g-~menthylglycine. Recrystal-
lisation from ethyl acetate gave the pure product which 
adsorbed water-vapour from the atmosphere giving a stable 
dihydrate, C.1oH19•N(CH3) •CH2 •COOH.2H20. 
On heating N-methyl•d•B!2menthylglycine at 2oo• 
for one hour it melted and decomposed. In this instance, 
however, dimethylamine was evo1ved in addition to carbon 
dioxide. The yield of !•dimethyl·g-~menthylamine was 
found to be slightly less than 60%, owing to the simul• 
taneous formation of d-~3-menthene, a result which must 
be attributed to the ready 3,4-trans-elimination (c.f. 
Read and Grubb, J.Q..§.. l2.24, 1781) characteristic of the 
d-~menthylamine and ~-~menthol series. Consider• 
ation of the relative molecular configurations of 
l•menthylamine and g-B!2menthylamine (I and II) illus-
trates how trans•elimination only occurs in the latter 
seriee and explains why no menthane was observed in the 
decomposition of !•methyl-!•menthylglycine. 
18. 
H2N --1---H 
H CH(CH3)2 
I. l•menthylamine. I I • d-!!!.Q.menthylamine • 
As regards the mechanism for the formation of 
menthane during the decomposition of !-methyl-g-~­
menthylglycine, there would appear to be two alterna-
tives, either:-
(1) Complete decomposition of the glycine compound 
giving N-dimethyl•g·~menthylamine and carbon dioxide 
and then trans-elim1nat1on of dimethylamine from part of 
the N-dimethyl-g-~menthylamine giving menthene at the 
temperature of the reaction. 
N/CH3 ~ 
'CH2 •COOH 
19. 
(2) A two-way decomposition, part of the !-methyl• 
g-~menthylglycine decomposing normally to give earbon 
dioxide and N-dimethyl·d-~menthylamine and part decom-
posing to give menthene and methyl glycine, which, at the 
temperature of the reaction decomposes spontaneously on 
formation yielding dimethylamine and carbon dioxide. 
(a) 
(b) 
/CH ~ N 3 
'CH .COOH 
2 
) + CH3•NH•CH2 •COOH 
t 
Although the final result is the same (2) would 
appear to be more probable, since, when a little pure 
!-dimethyl•d•n!Qmenthylamine was distilled under ordinary 
pressure no dimethylamine was detected during the distil· 
lation and the distillate contained no menthene. 
20. 
By means or this method or !-alkylation, 
the·refore, a complete N-methylation of the two stereo-
isomeric primary bases, l•menthylamine and d•n!2menthyl-
amine has been achieved. The isolation and purification 
of the intermediate glycine compounds at each stage of 
the process may be claimed as a guarantee or the chemical 
and stereochemical purity or the derived secondary and 
tertiary bases. The physical constants of these bases 
have been determined and these constants are compared in 
tables I and II with those already measured by Read and 
Storey (i.Q.s. 122Q, 2761) for the corresponding primary 
bases. A summary or the yields obtained by this method 
is given by the following scheme:-
l•menthylamine d-n!Qmenthylamine 
t 7~ 184% 
l•menthylglycine d-~menthylglycine 
16~ 185% 
R-methyl-~·menthylamine N•methyl·g-~menthylamine 
188% 19~ 
N-methyl•l•menthylglycine N-methyl·d-~menthylglycine 
195~ 160% 
N·dimethyl•l•menthylamine N-dimethyl•d-~menthylamine 
21. 
TABLE I. 
Physical constants ot l~menthylamine series. 
Physical Constant .!-menthylam1ne !•methyl•!•menthylam1ne !•dimethyl•l•menthylamine 
Boiling point 81-8201/12mm. 87°/l.2mm. 90•90•5°/lOmm. 
Density 0•8525/25° 0•8531/1.7° 0. 8462/l. 7° 
Retractive index 1•4600/25° 1•4587/17° 1•4584/17° 
aD_ homog • · ( ldm. ) •37•97°/25° -66•78°/1701 •51•18°'/17° 
[a]D homog. -44•53°/25° ·78•28°/17° -60•48°/17° 
(a]li> chloroform -38•2°/25° -69•17°/17° •59•67°/17° 
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TABLE II. 
Physioal oonstants of d-neomenthylamine series. 
Physical Constant d ... ~menthyl• N-methyl-~·~menthy1- N-dimethy1•d•neomenthy1• 
amine amine - amine 
Boiling point 84°/13mm. 87°/12mm.. 93°/12mm. 
Density 0•8551/25° 0•8504/17° 0·8470/17° 
Refractive index 1•4614/25° 1•4562/17° 1•4597/17. 
a0 homog. ( ldm.) +12•93°/25° +17•38°/17° +36•16°/17° 
(a]D homog. +15•12°/25° +20 •44° /17° +42•69° /17° 
(a]0 c-hloroform +8•7° /25° +26•4°/17° +40 •71 °/17° 
Application of the method to the piperitylaminee. 
Application of this method of N•alkylation to 
the N•methylation of the piperitylamines was expected to 
yield as satisfactory results as was the case in the 
menthylamine series. The results obtained were, however, 
extremely disappointing. In a preliminary experiment, 
two and a half molecular proportions of dl•piperitylamine 
were condensed with one molecular proportion of ethyl 
chloroacetate, the resulting ethyl•dl•piperitylglycine 
hydrolysed as before with 5% methyl alcoholic potassium 
hydroxide and an attempt made to precipitate the free 
dl•piperi tylglycine by passing carbon dioxide into the 
aqueous alkaline solution in the same manner as described 
for the corresponding menthylglycinee. In this case, 
however, no precipitation occurred, the glycine being 
apparently very soluble in water. It was endeavoured 
to isolate the ~-piperitylglycine by evaporating the 
solution to dryness and extracting with a suitable sol• 
vent. The potassium salt was however obtained. Acidi-
fication with dilute hydrochloric acid instead of carbon 
dioxide and evaporation to dryness yielded the hydro• 
chloride, but it was found to be impossible to convert 
this compound back into the free glycine, since the 
corresponding calcium and barium salts were soluble in 
water. The original method was therefore modified, 
two molecules o£ dl-piperitylamine being condensed with 
one molecule of ethyl chloroacetate in dry benzene. 
2C10H17•NH2 + Cl•CH2•C00Et 
~ c10a17•NH•CH2 •OOOEt + a10H17•NH2,Hca 
The ~-piperitylamine hydrochloride formed was 
removed by shaking with water and recovered from the 
aqueous sol ut ion. The ethyl•dl-piperi tylglyc ine was 
itself isolated by fractionation .of the dried benzene 
solution. It was found to yield a crystalline acid 
oxalate and was therefore purified by this means, the 
pure ester being reliberated from the oxalate with excess 
alkali. The pure ethyl•dl•piperitylglycine was then 
hydrolysed with a 5% methyl alcoholic potassium hydroxide 
solution, which had previously been titrated against 
standard hydrochloric acid using methyl orange as indi· 
cator. 
C1oH17•NH•CH2•COOEt + KOH 
_ __,.).. C10H17•NH•CH2 •COOK + EtOH 
The alkaline solution was then treated with the 
calculated quantity of standard hydrochloric acid re-
quired to neutralise the alkali used and the whole evapo-
rated to dryness. £!-Piperitylglycine was separated 
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from the inorganic residue by extraction with chloroform. 
c10H17•NH•CH2 •COOK + HCl 
---+) C10H17 •NH •a-H2 •COOH + KC::l 
The substanee was purified by recrystallisation 
from water, in which it was very soluble, and was found to 
give satisfactory figures on analysis. 
dl-Piperitylglycine, on pyrolysis, was found to 
undergo a three•way decomposition yielding 
(1) A terpene fraction, consisting essentially of 
a•terpinene; 
dl-piperitylglycine 
+CH NH + C0
2 3 2 
a-terpinene 
(2) An appreciable amount of 1,4-di-£!-piperityl-2,5· 
dioxyp1peraz1ne by elimination of two molecules 
of water between two molecules of glycine; 
C10a17•NH•CH2•COOH 
~ 2H20 + 
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(3) A small amount of N-methyl•dl•piperitylamine by 
elimination of carbon dioxide. 
Of these reactions, the desired reaction (3) 
was subsidiary in extent to the others. The yield of 
seeondary base was extremely small, although sufficient 
to allow of its characterisation as nitrosamine. Hence, 
from this preliminary experiment, it would appear that 
the presence of the 1,2 double bond in piperitylamine 
renders the method of !-alkylation so successfully applied 
to the menthylamines of little or no value in the case of 
the piperitylamines. 
In spite or the diffiCulties outlined above 
~-piperitylamine and !•piperitylamine have been converted 
into !•methyl•d•piperitylamine and N-methyl·l-piperityl• 
amine respectively by this method. Starting from a 
specimen of d-piper1tylam1ne having aD +43•5° (ldm. homog.), 
a specimen of N•methyl·~·piperitylamine hydrochloride was 
prepared having [a)D +96•5° (~. 2•0, H2o). The ,!•piperityl-
amine used had aD •61• 5Q ( ldm. homog.) and the derived 
!-methyl•l.·PiPeritylamine hydrochloride (a]D •96•7° 
(~. 1•982, H20). Since the starting materials were impure 
in both cases, but of differing degrees of impurity, the 
close similarity in the two values +96•5° and -96•7° 
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obtained for the rotatory power of N-methyl•d•piperityl-
- -
amine and N-methyl-1-piperitylamine hydrochloride, res-
pectively, might well be advanced as a further claim 
for the efficacy of this process of N-methylation as far 
as stereochemical purification of intermediates is con-
earned. It might even be that these two hydrochlorides 
are stereochemically pure. An attempt was made to con-
firm this by mono-methylation of pure l•piperitylamine 
La:o ·81•38" (ldm. homog.)], using methyl iodide and 
sodium. The secondary base was extracted as !-methyl-
. 
1-piperitylnitrosamine, which was found however to de• 
compose when hydrolysed by the method of Ladenburg 
(Ber. 12. 949 [1879]) yielding a tarry material from which 
no secondary base could be obtained. 
Owing to the small yields of secondary base 
obtained in the first stage of the methylation, the 
planned continuance of the method through to the corres-
ponding tertiary bases, as described for the menthyl-
amines, above, had to be abandoned. 
Application of the method to aniline. 
!-Phenylglycine was prepared from aniline and 
ethyl chloroacetate by the general method described above. 
The amino·· acid was not precipitated by passing carbon 
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dioxide into the solution of its potassium salt, but 
was brought down by careful addition of dilute hydro-
chloric acid. After purification, the N•phenylglycine 
- 0 
was subjected to pyrolysis at 200 • On cooling and 
steam-distilling from alkaline solution a few drops of 
monomethylaniline were obtained. The main product, 
however, consisted of 1,4-diphenyl-2,5-dioxypiperazine, 
formed by condensation of two molecules of phenylglycine 
with elimination of two molecules of water. Here again, 
therefore, elimination of carbon dioxide is the subsidiary 
reaction, the main reaction being the piperazine conden• 
sat ion. 
Since monomethylaniline is readily available, 
methylation of N-methylaniline to N-dimethylaniline by 
this method was attempted. Condensation of monomethyl-
aniline with ethyl chloroacetate, hydrolysis of the resul-
ting ethyl-N-methyl-phenylglycine and careful addition of 
hydrochloric acid to the resulting alkaline solution 
yielded !-methyl-phenylglycine as a viscous liquid. This 
was found to decompose easily-on heating, splitting off 
carbon dioxide with the formation of N·dimethylaniline. 
29. 
The mechanism of the two-way decomposition of mono-
substituted glycines on pyrolysis. 
It has been shown how d•neomenthylglycine and 
--
1-menthylglycine undergo two-way decomposition on pyro-
lysis. The main reaction involves the splitting off 
of carbon dioxide and the formation of the corresponding 
secondary base, while a subsidiary reaction also occurs, 
two molecules of water being eliminated between two 
molecules of glycine giving riee to dioxypiperazines. 
Further, in the case of N-phenylglycine, the latter re• 
action becomes the main reaction and the yield of 
piperazine is of the order of 70%, whereas decomposition 
with elimination of carbon dioxide occurs to only a small 
extent. Thirdly, in the case of the piperitylglycines, 
the extent of the piperazine condensation ie intermediate 
between the two, being greater than with the menthyl• 
glycines but less than is the case with phenylglycine. 
It can therefore be stated that the extent of the dioxy-
piperazine condensation increases with increasing electro-
negative nature of the radical attached to the secondary 
imino-group. The reason for this is revealed by con• 
sidering the problem in the light of the electronic theory. 
The amino-acids, H2N•R•COOH, contain both an 
acidic and a basic group and salt formation can occur 
~. 
between them, giving rise to inner salts or zwitterions 
+ 
of the type H3N•R•COO(-). We are here concerned with 
amino-acids in the solid, or, at the most, liquid state. 
The fact that this view of the constitution of the mole-
cule of an aliphatic amino-acid holds for the crystalline 
state is revealed by an examination of crystal structure. 
The crystals have a density greater than that of the 
majority of organic compounds and this shows that the 
packing is ionic, consisting of such zwitterions held 
together by electrostatic forces. Glycine itself, for 
instance occurs in two crystalline forms, one of these 
being built up of double molecules arranged positive 
charge to negative charge 
and the other of long chains of molecules arranged in the 
same way. 
(+) 
NH CO (-) 
~/2 
CH2 
(+) 
NH eo (-) 
~/2 
CH 2 
This packing will also be found in substituted 
glycines of the type R•NH•CH2 •COOH, but the extent of the 
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zwitterion formation will of course be influenced by 
the nature of the substituting atom or group. For 
instance, if R is an aliphatic radical, such as methyl, 
the tendency to inner salt formation will be greater 
than in cases where the substituting radical is aromatic 
in nature, since the aliphatic amines have greater dis-
sociation constants and greater basicity than the 
corresponding aromatic compounds. Hence, phenylglycine 
will show less tendency for zwitterion formation than 
methylglycine, while hydroaromatic substituents will more 
closely resemble the aliphatic type. Thus the menthyl-
glycines will be more closely allied to the aliphatic 
glycines than to, say, phenylglycine, and will show a 
considerable tendency to zwitterion formation. 
The elimination of carbon dioxide observed when 
substituted glycines are subjected to pyrolysis must be 
formulated from the zwitterion formula as indicated by 
the scheme below, where the dash represents a lone 
electron pair. 
( +) 
R•NH•CH •COOH -~~ R•NH•CH2 •000I (-) 
- 2 ~ -
(1) H 1 (2) 
(+) 
R•NH•CH2a (•) + ~ 
H · ( 3) 
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At the moment of decomposition, the hydrogen 
previously attached to the carboxyl group is firmly 
attached to the nitrogen by a valency bond. When the 
temperature is sufficiently high to completely break 
the already inherently unstable C-C linkage, an ammonium 
carbeniate form {3) is formed. Proton movement and re-
adjustment of valencies then occur with formation of the 
tautomeric secondary base (4). The fact that the bond 
between the a carbon atom and the carbon atom of the 
carboxyl group is inherently unstable may be illustrated 
by drawing the zwitterion (2) in the diagrammatic form 
shown below. The oxygen atoms of the carboxyl group, 
having greater electron affinities, act as key atoms 
(Schlnsselatome), inducing inequality of sharing in the 
neighbouring bond. This inequality is illustrated by 
bonds thickened towards the end to which the common 
electron pair is mostly attracted. 
(+) 
R • NH 
"' 
H 
~0 
• CH..,_ C ~-2 
'or(-) 
In the limiting state, when decomposition 
occurs, this bond will therefore break as shown above 
giving -CH21 (-) and ( +) c:. Hence, if this represen• 
tation of the reaction be correct, the greater the 
tendency to inner salt formation, the greater will be 
the tendency for decomposition into secondary base and 
carbon dioxide. 
For dioxypiperazine condensation, however, 
water must be eliminated, in other words, hydrogen comes 
off as a proton and the hydroxyl radical as an anion. 
This must be formulated from the amino-acid in its 
ordinary form as shown below. 
~0 <::.> C,' 0 + (-) R-N- CH c -- R 
- N - CH - + H IOH 
' 
2 
'OH 2 (+) 
H 
( 1) (2) 
Here we have key atoms nitrogen and oxygen. 
The hydrogen of the imino-group comes off as a proton, 
leaving a second lone electron pair on the nitrogen, 
which then assumes a negative charge. The hydroxyl 
group takes the electron pair of the !C•OH bond with it, 
leaving an electron gap (Elektronenl&cke) or, in other 
words, a positive charge. The resulting carbenium form 
(2) will combine with its like to form dioxypiperazine. 
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Hence, the less the tendency to inner salt 
formation, the greater will be the tendency to dioxy-
piperazine condensation. 
Summing up, we see that, when the substituent 
R is electronegative in character, as, for instance, is 
the case in phenylglycine, dioxypiperazine condensation 
will be the main reaction, since the electronegative 
phenyl radical reduces the basicity of the nitrogen and 
opposes inner salt formation. Aliphatic substituents, 
however, - and to this class must be reckoned the menthyl-
glycines - give rise to much stronger bases and increase 
the tendency to zwitterion formation. Hence in such 
cases, decomposition into secondary base is the main re• 
action. The piperitylglycines, having a 1,2 double bond 
in the substituent group, will form an intermediate case 
and the dioxypiperazine formation will be more marked 
than in the case of the menthylglycines. 
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The behaviour of 1-menthyl- and d•neomenthyl•trimethyl-
ammonium iodides and hydroxides on dry distillation. 
1-Menthyl- and ~-~menthyl-trimethylammonium 
iodides were prepared by a slight modification of the 
method of Wallaeh (Annalen. 276, 301, [1893]). An 
examination of their behaviour on dry distillation 
yielded interesting results. The dry distillation of 
1-menthyl-trimethylammonium iodide under ordinary atmos-
pheric pressure gave a 30% yield of menthene and tri-
methylamine hydriodide, the menthane having a moderately 
high rotatory power of aD +75•24° (ldm. homog.), together 
with a 70% yield of N-dimethyl-l•menthylamine, identical 
in every respect with the tertiary base obtained from the 
methylation of l•menthylamine by the new method of 
N-alkylation. Dry distillation of d-n!2menthyl-trimethyl-
ammonium iodide, on the other hand, gave a quantitative 
yield of menthane and trimethylamine hydriodide. The 
rotatory power of the menthene was of the same magnitude 
as above, namely aD +80•6°. Similarly, dry distillation 
of 1-menthyl-trimethylammonlum hydroxide gave a 30% yield 
of menthene, trimethylamine and water and a 70% yield of 
N-dimethyl-1-menthylamine, whereas dry distillation of 
d-~menthyl-trimethylammonlum hydroxide gave a quantit-
ative yield of menthane, trimethylamine and water. 
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Wallach (Annalen. 300, 285, [1898]), who first 
prepared these quaternary hydroxides stated wrongly that 
they both decomposed in the same way to form water, tri• 
methylamine and menthane. The fact is, however, that 
only the £-~- compound decomposes in this way, while 
1-menthyl-trimethylammonium hydroxide undergoes a two-
way decomposition yielding only 30% menthane. These 
results are of great interest since, in the former case, 
trans-elimination is involved and in the latter £!!-
elimination, so that here again we ha.ve confirmation of 
the configurations assigned to d-~menthylamine and 
l•menthylamine respectively. Further, the d-~3-menthene 
obtained in quantitative yield from the decomposition of 
d-~menthyl-trimethylammonium hydroxide had the high 
20" 
rotatory power [a]D +112•9° {homog.). d-~3~Menthene 
or such stereochemical purity had previously only been 
obtainable by the laborious Xanthogene-ester method of 
Tschugaerr (Ber • .2_g, 3333 [;899]); compare also Read and 
Robertson (l.Q.S. 1926, 2217). Here, however, we have 
a method of preparing it more conveniently and in better 
yield, starting from commercial menthone, by the route:-
Menthone (commercial) ~ formyl-g-~menthylamine 
83% lOO% 
~ g-~menthyl-trimethylammonium iodide ~ 
95% A3 .9:-~menthyl-trimethylammonium hydroxide ~ d- u -
-menthane. 
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The menthene obtained from 1-menthyl-tri-
methylammonium hydroxide by dry distillation had the 
0 
amazingly high rotatory power (a]~7 +131•7° {homog.). 
This is. by far the highest value yet measured for any 
menthene, but it is possible, however, that this is not 
d-~3-menthene but rather d-~-menthene. 
The effect of progressive N-methylation on ionic rotatory 
power. 
From the values obtained in the course of these 
experiments for the rotatory powers of the salts of the 
methylated menthylamines, including the quaternary com-
pounds, the molecular rotatory powers [M]D have been 
calculated for the l•menthylamine series and the ~-~-
menthylamine series respectively. The resulting values 
are given in table rrr. It will be seen that, in both 
series, progressive N-methylat1on lends an increasing 
laevo-rotatory tendency to the asymmetric cation. 
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TABLE III. 
The Molecular rotation of the M-methylated menthylamines. 
Salt of base 1-menthylamine d-~menthylamine 
series series 
(R•NH3 ]C.1 .. 70•1° +41•2° 
(R•NMeH2 ]C1 -108•4° +34•3° 
(R•NMe2H]C1 -110•0: • +33•6° 
[R•NMe3]t -127•6° -63•4° 
Read and Robertson. J.c.s. 1926, 2217. 
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Reduction of the hydrated azine of dl-piperitone. 
The conditions under which a maximum yield of 
dl-piperitylamine was obtained have been described in the 
practical section. Several experiments were however 
performed before this result was achieved. It might be 
of value to outline these briefly here. 
Reduction of the hydrated azine of l•piperitone, 
a considerable quantity of which had been left by Walker 
(1933) and which had therefore stood for at least seven 
years, gave a maximum yield of 50% of that obtained by 
him, i.e. from 70g. of the hydrated azine only 15-20g. of 
dl-piperitylamine were obtained. It was also confirmed 
in this series of experiments that pure zinc powder must 
be used if a satisfactory reduction is to be realised. 
Unusually large amounts of neutral oil containing menthone 
and isomenthone were formed during the reductions. Since 
this can only have been formed by hydrolysis followed by 
reduction, it would appear that this specimen of hydrated 
azine contained more water than a freshly prepared speci-
men. The freshly prepared compound was brownish-red in 
colour, Whereas the sample used in the reduction had 
become light-red in colour. There would appear to be 
two possible explanations for this change in colour. 
The substance may have adsorbed water slowly with the 
reproduction of some of the original dihydrated azine, 
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the yellow colour of which would lighten the colour of 
the liquid as a whole. Or, alternatively, the hydrated 
azine might have split out the remaining molecule of 
water with the production of the true azine which would 
be redder in colour. Of these, the former alone would 
account for the large yield of neutral oil by hydrolysis 
and reduction, since the water of the monohydrated azine 
is removed in any case when it is treated with glacial 
acetic acid yielding the true azine which dissolves in 
its lactam form. Further it is this one molecule of 
water which is responsible for the smaller amount of 
neutral oil formed along with the required dl-piperityl-
amine in normal reductions. 
In preparing fresh samples of the hydrated 
azine, dl-piperitone was used, since asymmetry is com-
pletely annulled in any case during the reduction process. 
The ether solution of the fully hydrated azine was dried 
for two to three days over anhydrous calcium chloride and 
the substance used immediately after removal of the ether. 
Further, since hydrolysis occurs during the process of 
reduction, it was considered inadvisable to allow the 
reduction to proceed so slowly for two hours in the cold 
before raising the temperature, since the hydrolysis may 
occur largely at this stage. The reduction was accord-
ingly speeded up by raising the temperature to about 
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40·50° at the beginning. However, the maximum yield 
obtained in this way was no better than the yields 
achieved by Walker (Dissertation. St. Andrews, 1933). 
The optical resolution of dl-piperitylamine. 
Walker (Dissertation. p.l8) mentioned a curious 
feature observed on one or two occasions in the resolution 
of £l-piperltylamine. It was sometimes found impossible 
to crystallise the 1-piperitylamine hydrogen d-tartrate to 
maximum optical rotation (hanging resolution) • Walker 
stated that this anomaly was only observed with specimens 
of dl·piperitylamine Which had been kept for some time 
before application of the tartaric acid. This rather 
mystical result has however been borne out by the present 
work. In every case the base used was freshly prepared 
and no hanging resolution occurred. Further, by dissol-
ving the base immediately after distillation in methyl-
ated spirits and subsequent treatment with d-tartaric acid, 
a hydrogen g-tartrate was obtained having [a]D -47•8° 
(£. 1•4, H20) compared with the value •43° given by 
Walker. The 1-piperitylamine liberated from this salt 
had aD ·81•38° (ldm. homog.) compared with the previous 
value of -75•94°. 
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~· EXPERIMENTAL. 
~. Methylation of d-neomenthylamine. 
[A]. N-Methyl-d-neomenthylamine. 
(a) Formyl-d-neomenthylamine. 
(c.f. J.c.s. 1926, 2219). 
In a lOOOcc. Claieen Flask were placed 228g. 
ammonium formate and 190g. 1-menthone. The flask was 
fitted with a cork carrying a thermometer reaching 
almost to the bottom and the side-limb of the flask was 
connected to a small condenser set for distillation. 
The contents of the flask were heated with a small flame. 
The mixture melted to two layers and distillation began. 
At 165°, the mixture became homogeneous and the reaction 
took place with moderate foaming. During this process, 
water, menthone and ammonium carbonate (solid) distilled 
The heating was continued until the 
temperature reached 200°, which was after about 3 hours. 
At 200°, the heating was stopped, the upper layer of 
menthone separated from the distillate and returned to 
the flask without drying. Heating was then continued 
at 200° for a further 3 hours. When the mixture was 
cold it was extracted with chloroform, washed three 
times with water to remove ammonium formate and dried 
over anhydrous sodium sulphate. The chloroform was 
then distilled off and the residue fractionated to 
remove unchanged menthane (up to 150cc. at 15mm.). 
The residue was then cooled, treated with approxi-
mately its own volume of ether and allowed to stand. 
Crystals began to form almost immediately. After a 
time, these were filtered off and washed with a little 
ether. Yield: 58g. m.p. 117-18°. After recrystal-
lisation from ether the crystals had 
[a]D + 53•8° (c. 1•76, CHC13). 
+ 62•4° (c. 1•53, abs. alcohol). 
(b) Hydrolysis of formyl-d-neomenthylamine. 
(c.f. J.c.s. 1926, 2219, also Annalen 
276, 308, (1893]). 
A mixture of 90g. formyl-£-~menthylamine 
and 250cc. concentrated hydrochloric acid was boiled in 
a litre-round-bottom flask under a reflux condenser 
until it was found that a test-sample did not develop 
a turbidity when diluted with water. The hydrolysis 
was complete in about four hours. The solution was 
then cooled, diluted with 250cc. water and transferred 
to a 2-litre flask. A solution of 300g. sodium hydrox-
ide in 300cc. of water was slowly added. The reaction 
mixture was strongly cooled during the addition of the 
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alkali. When all the acid had been neutralised the 
liberated amine was purified by distillation in steam. 
The distillate was rendered slightly acid by the addi-
tion of dilute hydrochloric acid and was then evaporated 
to dryness. The weight of the hydrochloride obtained 
was 88g. (93•4% theory) - colourless needles, which had 
m.p. 189Q and [a]D + 18•3° (.£. 2•0000, H20). Recrys-
t.allisation from a 11 ttle water gave pure d-~menthyl­
e.mine hydrochloride, having m.p. 189" and (a]D + 21•5° 
(£. 1• 44, H20) • 
(c) d-neo-Menthylglycine. 
(i) Ethyl-d•neomenthylglycine. 
To 120g. (2•5 mols.) £-~menthylamine hydro-
chloride in aqueous solution in a conical flask was 
added sufficient 2N. caustic soda to liberate the base, 
which was extracted with ether. The ether solution 
was washed twice with water, dried over anhydrous sodium 
sulphate and the ether then evaporated off under dimin-
ished pressure in a litre-round-bottom flask. To the 
free d-n§Qmenthylamine so obtained were added 30g. 
(1 mol.) of ethyl chloroacetate. The flask was fitted 
with a reflux condenser, closed with a soda.lime tube. 
The mixture was heated on an oil-bath at 130° for four 
hours. 
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(ii) Hydrolysis of ethyl-d-neomenthylglycine. 
When reaction (1) was complete, the contents 
were transferred to a 2-litre flask, 750cc. of a 5% 
methyl alcoholic solution of potassium hydroxide added 
and the mixture refluxed gently for two hours. 
(iii) Isolation of d-neomenthylglycine and di-
oxypiperazine derivative. 
The solution was then subjected to steam dis-
tillation to remove the alcohol and excess d-~menthyl~ 
amine. The amine was recovered as hydrochloride (70g.). 
On allowing the residue after the steam distillation to 
cool, a small white precipitate gradually came down. 
This was extracted with ether. The aqueous solution 
was evaporated to 250cc. on the waterbath, cooled in ice 
and carbon dioxide passed through till acid, when a 
creamy-white precipitate of the required £-~menthyl-
glycine came down. This was filtered off, washed with 
a little ice-cold water and dried on a porous plate. 
From the mother-liquor a further crop of crystals was 
obtained. Total yield was 44g. (84•4% theory, cal-
cula.ted from weight of Cl-CH2-C00Et used) of colourless 
prisms, which on recrystallisation from a little water 
had m.p. 182° and (a]D + 32•2° (£. 2•3, alcohol) and 
[a]D + 28•1 (~. 1•3855, H20). 
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Ana1Is1s: 
Found:- c. 67•2%, H. 10•9% 
Cl2H2302N requires:- c. 67•6%, H. 10 •8;L 
The etherial solution was washed with water 
and on addition of dilute hydrochloric acid to the ether 
solution, a white precipitate came down. This was fil-
tered off, washed with ether, then with water. Weight: 
2g. Recrystallisation from aqueous methyl alcohol gave 
1 1 1 242° d d iti d eo our ess pr sms, m.p. un er ecompos on an 
The substance was 
suspected to be the hydrochloride of 1,4-di-g-~menthyl-
2,5-dioxypiperazine, probably formed during stage (ii) 
above. The hydrochloride did not appear to be a very 
definite one. Analysis gave N. 7•2%, Cl. 8·6%. The 
Accordingly, the free base was pre-
pared by shaking some of the hydrochloride with 2N. 
sodium hydroxide in a separating funnel and extracting 
with ether. The etherial solution was washed with 
sodium hydroxide, then with water and dried over an-
hydrous sodium sulphate. On evaporating off the ether, 
the residue solidified. The free base was recrystal-
lised from aqueous methyl alcohol and had m.p. 63° and 
(a]D + 43•9° (£. 2•1090, CHCl3). 
47. 
Analysis: 
Found:- C. 72•1%, H. 11•7%, N. 7•8%, o. 8•4%. 
c24H42o2N2 requires:- c. 73•8%, H. 10•8%, N. 7•2%, o. 8•2%. 
The analysis figures indicate that the sub-
stance is not quite pure, but the ratio of N:O of 1:1 
shows that the substance is of the type indicated. 
Further purification was not attempted, as the substance 
is only of interest as far as its formation influences 
the yield of the main reaction. Isolation of the same 
substance in the next stage of the process proved that 
the suggested formula is the correct one (see below). 
{d) N-Methyl-d-neomenthylamine hydrochloride. 
40g. of d-~menthylglycine heated on an oil-
0 bath at 210 under an air condenser melted with effer-
vescence. The formation of water-vapour was also 
noticed. The heating was maintained for one hour. 
Then lOco. of 2li• sodium hydroxide solution were added 
and the product was distilled in steam. A colourless 
refractive oil rapidly passed over with the steam. The 
amine was isolated as the hydrochloride (33g. - 85•5% 
theory) which was recrystallised from a little water. 
The hydrochloride was strongly efflorescent. After 
drying in a vacuum desiccator, the hydrochloride had 
m.p. 195-6° and [a]D + 16•7° (£. 2•qH20). 
Analysis: 
Found:-
c11H24NC1 requires:-
48. 
Cl. 
Cl. 
The presence of water-vapour above led to the 
belief that a condensation reaction had again occured 
giving rise to 1,4-di-£-~menthyl-2,5-dioxypiperazine. 
Accordingly, the residue after the steam distillation 
was not discarded and it was found possible to isolate 
from it, in the same manner as before, the compound 
previously obtained. Thus, we may conclude that when 
d-~menthylglycine is heated above its m.p. two re-
actions occur, namely, 
(a) Elimination of carbon dioxide, resulting in the 
formation of N-methyl-d-~menthylamine, and this 
is the main reaction, giving an 85% yield. 
(b) A subsidiary reaction, the condensation of 2 mole-
cules of d-~menthylglycine with the elimination 
of 2 molecules of water, giving rise to a di-
oxypiperazine derivative. 
o.f. Decomposition of phenylglycine under similar con• 
ditions gives a 70% yield of piperazine. (Bischoff, 
Hausd~rfer, B. ~~ 2271) • In this case, the formation 
of 1,4-diphenyl-2,5-dioxypiperazine is the main reaction. 
49. 
(e) N-Methyl-d-neomenth~lamine. 
50g. of N-methy~-£-~menthylamine hydro-
chloride were dissolved in water and the base liberated 
with 2N. sodium hydroxide solution. This was extracted 
with ether, the ether solution washed with water and 
dried over anhydrous sodium sulphate. The ether was 
distilled off under diminished pressure and the residue 
fractionated. Pure N-methyl-g-~menthylamine came 
Weight: 40g. !-methyl-Q-~menthyl-
amine appears to be stable to carbon dioxide. 
Ph~sical Constants of N-methyl-d-neomenthylamine. 
B.p. 87°/12mm. 
17° 
D4 0•8504 
17° 
~· 1•4562 
17" 
aD +17•38° ( ldm • homog • ) 
" (a.]Dl7 +20•44° 
"' [a) 17 +26. 4° (.£. 2 •1100, CHC13) D 
[RL]D Found:- 54•03 
Calculated:- 54•63 
50. 
Derivatives. 
(1) Benzoyl-N-methyl-d-neomenthylamine. 
To a solution of 2•0go of !-methyl-~-~­
menthylamine in Sec. of freshly distilled pyridine were 
added 2•0g. of benzoyl chloride. The solution was left 
at room temperature for two days and was then poured 
into 50cc. of 2N. hydrochloric acid. The red syrup 
which separated was extracted with ether. The ether 
extract was washed once with dilute sulphuric acid and 
repeatedly with dilute sodium hydroxide solution until 
the red colour was removed from the solution. It. was 
finally washed with water, dried and fractionated. 
A yellow syrup (3g.) was obtained. After a week at 
room temperature the syrup crystallised spontaneously. 
It was recrystallised from aqueous methyl alcohol at 
0° and had m.p. 67° and [a]D + 5•7° (~. 2•0, CHC13). 
Analysis: 
Found:-
c18H27oN requires:-
c. 
c. 
78•5%' 
79•1%, 
H. 
H. 
{ii) p-Toluenesulphon~l-N-methyl-d•neomenthylamine. 
Prepared as above. Obtained in the form of 
colourless needles from aqueous alcohol at 0°. Had 
m.p. 49° and (a]D + 18•5° (.£_. 2•0, CHC13). 
51. 
Anal;ysis: 
Found:- c. 67 •2%' H. 9•0%. 
Cl8H2902NS reguires:- c. 66•9%, H. 9•0%. 
(111) N-methyl-d-neomenthylnitrosamine. 
Sg. of N-methyl-d-~menthylamine hydrochloride 
• 
were dissolved in 25cc. of 2N. hydrochloric acid and a 
solution of 2•5g. sodium nitrite in lOcc. water added. 
The product was a light-brown oil which crystallised at 
room temperature. The nitrosoderivative was filtered 
off, washed with water and dried. Weight: 2•7g. 
Recrystallisation from aqueous alcohol gave pale yellow 
prisms, m.p. 62° and [a]D + 19•9° (£. 2·1225, CHC13). 
Analysis: 
Found:- c. 
c. 
66•3%, 
66•6% J 
H. 
H. 
10 •9%. 
52. 
[B]. N-di-Methyl-d-neomenthylamine. 
(a) N-Methyl-d-neomenthylglycine. 
(i) Ethyl-N-methyl-d-neomenthylglycine. 
130g. (2•5 mols.) N-methyl-~-~menthylamine 
hydrochloride were converted into the free base and con-
densed with 30g. (1 mol.) of ethyl chloroacetate in a 
litre-round-bottom flask, fitted with a reflux conden-
ser. The temperature of the oil bath was taken up to 
the point where moderate refluxing occurred (140-150°). 
A white cake of the hydrochloride gradually formed. 
0 Heating was continued for six hours at 140-150 • 
(ii) Hydrolysis of ethyl-N-methyl-d-neomenthyl-
glycine. 
When reaction (i) was completed, 750cc. of 
5% methyl alcoholic potassium hydroxide were added, 
the mixture transferred to a 2-litre flask and boiled 
gently on a waterbath for two hours. 
(iii) Isolation of N-methyl-d-neomenthylglycine. 
The alcohol and excess ~-rnethyl-d-~menthyl­
amine were steam-distilled away from the product and 
recovered as hydrochloride (78g.). The aqueous solu-
tion in the flask was concentrated to 250cc., cooled 
in ice and carbon dioxide passed through. No precipitate 
53. 
of N-methyl-g-~menthylglycine formed. This compound 
must therefore be much more soluble in water than the 
corresponding d-~menthylglycine. The solution was 
just acidified with dilute hydrochloric acid and evapor-
ated down. The liquid was found to become alkaline 
again after a short time. A further few drops of dilute 
hydrochloric acid were added until the solution was just 
acid to litmus and the solution then taken to dryness. 
The product was a syrup Which crystallised on cooling. 
The li-methyl-d-~menthylglycine was separated from the 
inorganic part of the residue by extraction with cold, 
absolute alcohol. On filtering and evaporating off 
the alcohol a syrup was obtained, which solidified on 
cooling. Ignition still gave a slightly alkaline resi-
due. The alkaline portion was found to be quite in-
soluble in acetone. The product was accordingly 
extracted with cold acetone, filtered and the acetone 
evaporated off. The product solidified on cooling. 
Weight of N-methyl-£-~menthylglycine obtained - 50•lg • 
• (90~ theory, calculated from the weight of ethyl chloro-
acetate used). Lassaigne's Test gave Nand the sub-
stance gave no residue on ignition. Recrystallisation 
from ethyl acetate gave small white needles, m.p. 98°, 
which were slightly hygroscopic, adsorbing moisture 
from the air to form the stable dihydrate, which had 
54. 
Anal;Isis.J- 4•568mg. dried at 40° in vacuo lost 0•62lmg. 
Found:- H20. 13•6%. 
c13H25o2N.2H20 requires:- H20. 13•7%. 
Dried material gave:- c. 68•6%) H. 10·9%. 
013H25°2N reguires:- c. 68•7%, H. ll•O:L 
(b) Decomposition of N-methyl-d-neomenthylglycine. 
Formation of menthene and N-dimethyl-d-neo-
menthylamine. 
20g. of pure N-methyl-d~~menthylglycine 
0 
were heated for one hour on an oil bath at 200 in a 
round-bottom flask fitted with an air condenser. 
Carbon dioxide was evolved and a.lso a gas with a strong 
ammoniacal odour, which turned red litmus strongly blue. 
On cooling, the contents were treated with dilute hydro-
chloric acid to dissolve the base formed and a colourless 
oily layer of menthene separated out. This was extrac-
ted with ether, the ether solution washed with dilute 
hydrochloric acid, then thoroughly with water .and dried 
over anhydrous sodium sulphate. After evaporating off 
the ether under diminished pressure, the menthane was 
fractionated. Pure liquid came over at 70°/lSmm. 
55. 
Weight of menthene obtained: 3•9g. (37•1% theory). 
0 160 
The menthene had n~6 1•4530, aD + 83•16° (ldm. homog.), 
D!6w 0•8139 and [a]~60 + 102•2°. 
Analysis: 
Found:- c. H. 
85•94% 13•04% 
85•88% 13•05% 
86•22% 12·88% 
86•96% 13•04% 
The hydrochloric acid extract was made alka-
line with 2N. sodium hydroxide solution, when a colour-
less refractive oil came out. This was extracted with 
ether, the ether solution washed with water and dried 
over anhydrous sodium sulphate. The ether was evapor-
ated off under diminished pressure and the residue 
fractionated. Pure li•dimethyl-d-~menthylamine came . 
over at 93°/12mm. Yield: 8•lg. (58•2% theory). 
(c) Characterisation of N-dimethyl-d-neomenthylamine. 
(i) Formation of chloroplatinate. 
0•6cc. of base was dissolbed in a minimum of 
dilute hydrochloric acid and a solution of 0•5g. platinic 
chloride in dilute hydrochloric acid added. An orange-
56. 
yellow precipitate formed immediately. This was fil-
tered, washed thoroughly with water, then with absolute 
alcohol and dried in a desiccator. 
Ignition ga.ve:-
(c10H19N(CH3}2-H]2PtC16 requires:-
It had m.p. 196°. 
Pt. 
Pt. 
(11) Preparation of quaternary iodide. 
To 2cc. base dissolved in 5cc. methyl alcohol 
were added 2cc. of methyl iodide and the mixture gently 
refluxed for one hour. The alcohol and excess methyl 
iodide were evaporated off under diminished pressure. 
The quaternary iodide solidifted in the flask. Re-
crystallisation from a little acetone gave colourlecs 
prisms, m.p. 160•5" and [a]0 -19•5• (£. 2•0, H20}. 
( ii i) Physical Constants 2f base. 
B.p • 93°/12mm. 
17" 
+36 •16° (ldm. homog .. ) aD 
17. 
1•4597 nD 
D 
17° 
o•8470 
4 
0 [a]~7 +42•69° 
57 • 
[a]~7 • 
Found:- 59•11 
Calculated:- 59•34 
(iv) Rotatory power of N-dimethyl-d-neomenthyl-
amine hydrochloride. 
To a weighed amount of pure ~-dimethyl-£-~­
menthylamine in a 20cc. polarimeter flask were added a 
few cc. of distilled water and the calculated quantity 
of standard hydrochloric acid solution added from a 
micro-burette. The flask was warmed gently on the 
waterbr:=tth, till the contents were homogeneous. The 
flask was then allowed to cool to room temperature, 
made up to the mark with distilled water and the· 
rotatory power measured in a 2drn. tube. 
Results:- Wt. of base in 20cc. polarimeter flask 
= 0•3345g. 
Amount of hydrochloric acid required 
= l•83cc. N HCl. 
Wt. of hydrochloride in 20cc. water 
• 0•4012g • 
Gave aD + 0·6lct 
Therefore [a]D 
-
+ 15•26° (£. 2•0060, H20). 
-
58. 
[c]. d-neo-Menthyl-trimethylammonium iodide and 
d-neomenthyl-trimethylammonium hydroxide. 
(a) Preparation of d-neomenthyl-trimethylammonium 
iodide. 
70g. of d-~menthylamine, liberated from a 
specimen of the hydrochloride having [a]D + 20•8~ 
(£• 2•0, H2o), was dissolved in lOOcc. of methyl alcohol 
(magnesium dried) in a litre-round-bottom flask and 
64•lg. (1 mol.) methyl iodide added. The mixture was 
boiled gently under reflux for one hour. 10 •4g. 
( 1 a. tom) of sodium in 120cc. of methyl alcohol were then 
added and the contents boiled for ten minutes. A fur-
ther 64•lg. of methyl iodide were added a.nd, after 
boiling for ten minutes, 10•4g. of sodium in 120cc. 
methyl alcohol and the contents boiled for a further 
ten minutes. At this point an oily basic layer sepa-
rated out. Just sufficient methyl alcohol was added 
to make the mixture homogeneous, then another 64•lg. 
methyl iodide added and the mixture refluxed for one 
hour. 10•4g. of sodium in 120cc. methyl alcohol were 
added to the hot solution, the contents of the flask 
transferred to a 2-litre round-bottom flask and sub-
mitted to a vigorous steam-distillation to remove any 
unchanged or partially methylated base. On allowing 
to cool, the quaternary iodide came down from the 
59. 
alkaline solution in beautiful plates. The iodide 
is stable in alkaline solution and is less soluble in 
alkaline solution than in water. After leaving over-
night in the ice-chamber, the crystals were filtered 
off and dried on a porous plate. Yield: 122g. 
(83% theory). Recrystallisation from acetone was 
found to be more satisfactory than recrystallisation 
from water. The iodide came down from acetone on slow 
evaporation in large white prisms, m.p. 160•5° under 
decomposition and [a]D -19•5° (£. 2•0, H2o). 
In alcoholic solution, £-~menthyl-trimethyl­
ammonium iodide took up one molecular proportion of 
iodine, giving the triiodide. Recrystallisation from 
0 
absolute alcohol gave dark violet plates, m.p. 107 • 
The triiodide was readily soluble in acetone, but less 
soluble in other organic solvents. It was unstable in 
alkali, decomposing to give back the stable monoiodide. 
(b) Dry distillation of d-neomenth~l-trimethylammonium 
iodide. 
20g. of pure £-neomenthyl-trimethylammonium 
iodide were placed in a small distilling flask and dry 
distilled under diminished pressure. The iodide de-
composed at 155-160° (bath temperature) under 20mm. 
pressure. Menthene distilled over and was collected 
in a well-cooled receiver (8•4g.). The solid left in 
60. 
the flask was shown to be trimethylamine hydriodide. 
The menthane was taken up in ether, the ether solution 
washed with dilute hydrochloric acid, then with water. 
After dr_ying over anhydrous sodium sulphate, the ether 
was dtstilled off under diminished pressure and the 
menthene distilled. The menthane had b.p. 59°/lOmm. 
16 ... 
aD + 80•66° (ldm. homog.) and nD 1•4532. 
(c) Preparation and dry distillation of d-neomenthyl-
trimethylammonium hydroxide. 
Freshly prepared, well-washed silver oxide, 
made by treating 16g. of silver nitrate wtth barium 
hydroxide, was covered with water and a solution of 
20g. Q-ngQmenthyl-trimethylammonium iodide in water 
added. This was submitted to steam-distillation, but 
no decomposition occurred at this temperature. Accord-
ingly the insoluble material was filtered off and the 
filtrate evaporated to dryness on the waterbath. The 
syrupy material so obtained was dried on a vacuum desi• 
ccator over phosphorous pentoxide and solidified to a 
colourless crystalline solid, which was extremely deli-
quescent. This was transferred to a distilling flask 
and distilled under diminished pressure. Under a 
Pressure of 15mm. the hydroxide decomposed at 150-160° 
61. 
(bath tempera,ture) and menthene, water and trimethyl-
amine distilled over, most of the trimethylamine escaping. 
The menthene was collected in a well-cooled receiver. 
The distillate was shaken with ether and the ether solu-
tion washed with dilute hydrochloric acid, followed by 
water. After drying over anhydrous sodium sulphate, 
the ether was evaporated off and the product distilled 
under diminished pressure. 8 •lg • men the ne ( 9 5% theory) 
were obtained. The menthene had the following physical 
constants:-
B.p. 57°/lOmm. 
20° 1•4520 rlo 
20° 
0•8122 D4 
200 
aD +91•84° { ldm. homog • ) 
[a]~o• +112•9° 
[a]D +108•5° { .£. 1•6365, abs. alcohol) 
[a]D +112•9° (.£. 2•6915, ether) 
(RL]D Found:- 45•92 
Calculated:- 45•63 
62. 
(d) Dry distillation of d-neomenthyl-trimethyl-
ammonium hydroxide under ordinary atmospheri~ 
pressure. 
20g. of d-~menthyl-trimethylammonium iodide 
were converted into the quaternary hydroxide with moist 
silver oxide and distilled under ordinary pressure from 
an oil bath. At 150° {bath temperature) decomposition 
commenced and water and trimethylamine distilled over. 
0 When the bath temperature reached 175 , menthene began 
to come over rapidly. The bath temperature was allowed 
0 to rise to 180 • At this temperature all the menthene 
had distilled over and the distilling flask was com-
pletely empty. The menthene so obtained was purified 
as before and found to be identical with that obtained 
by distillation of the hydroxide under diminished 
pressure. The yield was quantitative. 
2. Methylation of 1-menthylamine. 
[A]. N-Methyl-1-menthylamine. 
(a) 1-Menthone oxime. 
(c.f. Galloway, Dissertation. 
St. Andrews, 1222, p. 192). 
lOOg. crystalline sodium acetate and 46g. 
hydroxylamine hydrochloride were dissolved in 170cc. of 
hot water, the solution filtered and allowed to cool 
A solution of 97cc. 1-menthone (aD •26•5) 
in 600cc. methyl alcohol was then added, with vigorous 
stirring, and the resulting clear solution allowed to 
stand. After a few hours, the first crop of crystals 
of 1-menthone oxime was removed by filtration. A 
further crop of crystals was obtained from the mother• 
liquor on allowing it to evaporate slowly at room 
temperature. The total yield obtained was 65g. of 
long, slender needles having m.p. 58~ and [a]D -39•6° 
(£. 1•95, abs. alcohol). 
(b) 1-Menthylamine hydrochloride. 
{c.f. Annalen. 276, 360, [1893] and 
J. c. s. 1926' 2221). 
50g. 1-menthone oxime were dissolved in 750cc. 
dry absolute alcohol (dried over quicklime and freshly 
distilled). The solution was heated to boiling and 
75g. clean, dry sodium added gradually in small portions 
over a period or some two hours. When all the sodium 
had disappeared, water was added carefully to the hot 
liquid till the first vigorous reaction had ceased. 
The solution was then steam-distilled, the alcohol and 
aqueous fractions being collected separately. The 
aqueous portion was neutralised with dilute hydrochloric 
acid, the solution shaken once with ether to remove any 
unchanged oxime and then evaporated to dryness on the 
waterbath. The y:teld from this reaction averaged 
45-50g. hydrochloride, having [a]D -32•5° (£. 2•0, H2o). 
One recrystallisation from water gave [a]D •35•8°. 
This material was used for the next stage. 
{c) 1-Menthylglycine. 
(i) Ethyl-1-menthylglycine. 
To 120g. (2•5 mols.) of 1-menthylamine hydro-
chloride dissolved in water was added sufficient 2li. 
sodium hydroxide solution to liberate the base, which 
was extracted with ether. The ether solution was 
washed twice with water, dried over anhydrou.s sodium 
sulphate and the ether distilled off under diminished 
pressure in a 1-litre round-bottom flask. To the pure 
1-menthylamine so obtained was added 30g. ( 1 mol.) of 
65. 
ethyl chloroacetate and the solution was heated under 
a reflux condenser closed with a soda-lime tube on an 
oil bath at 130° for four hours. 
(ii) Hydrolysis of ethyl-1-menthylglycine. 
When reaction (i) was complete, 750cc. of 
5% methyl alcoholic caustic potash were added, the 
contents transferred to a 2-litre flask and boiled 
gently on the waterbath for two hours. 
(iii) Isolation of 1-menthylglycine. 
The alcohol and unreacted 1-menthylamine 
were steam-distilled away from the product and the 
base recovered as hydrochloride (82g.). The aqueous 
solution was concentrated to about 250cc., cooled in 
ice and carbon dioxide passed in. The creamy-white 
solid wht eh separated was filtered off, washed with a 
little ice-cold water, drained with suction at the 
pump and dried in the oven. The filtrate was further 
concentrated and carbon dioxide passed in again, giving 
a further yield of 1-menthylglycine. The total yield 
of 1-menthylglycine was 37•2g. cro% theory, calculated 
on weight of ethyl chloroacetate used) • Recrystal-
lisation from a little water gave small, white prisms, 
which had m.p. 191°, [a]D -61•5° {£. 2•0, CHC13) and 
[a]0 -63•4° (£. 1•3970, H20) • 
N .B. 
66. 
From the above results, a comparison can be 
made between the reactivity of the amino-group 
of ~-~menthylamine and 1-menthylamine, with 
Cl-CH2-COOEt. 
Found:-
(d) N-Methyl-1-menthylamine hydrochloride and 1,4-
di-1-menthyl-2,5-dioxypiperazine. 
(i) N-Methyl-1-menthylamine hydrochloride. 
40g. of 1-menthylglycine were heated in a 
round-bottom flask fitted with an air condenser on an 
oil-bath at 210° (bath temperature) • The substance 
melted with effervescence, carbon dioxide and steam 
being evolved. When the reaction had ceased (l hour) 
20cc. of 2N. sodium hydroxide solution were added and 
the contents of the flask submitted to steam-distillation. 
A colourless refractive oil rapidly passed over with the 
steam. The base was isolated as hydrochloride (23•5g. -
60% theory). On recrystallisation from a little water 
it was obtained as colourless prisms, slightly hygro-
scopic, having m.p. 168° and [a]D -52•75° (£. 2•0, H2o). 
Analysis: 
Found:-
c11H24NC1 reauires:-
Cl. 
Cl. 
17 •6%. 
17 •8%. 
(ii) 1,4-di-1-Menthyl-2,5-dioxypiperazine. 
After steam-distilling away the N-methyl-
1-menthylamine, a sticky mass remained in the flask. 
This was filtered off, pressed out under suction and 
dried on a porous plate. The material so obtained 
was taken up in hot methyl alcohol, from which it came 
down in white needles on cooling (10•9g.). Recrys-
tallisation from methyl alcohol gave small, white 
needles, m.p. 201-2° under decomposition and [a]0 
The substance was found to 
contain nitrogen by Lassaigne's Test. It gave no resi-
due on ignition, was insoluble in water, dilute acids 
and alkali, only slightly soluble in ether, but very 
soluble in chloroform. 
Anal;lsis: 
Found:- c. 73•9%, H. 10 ·6%. J N. 7•2%. 
024H42°2N2 reguires:- c. 73•6%, H. 10 ·8% J N. 7•2%. 
(e) N-Methyl-1-menthylamine. 
20g. of N-methyl-1-menthylamine hydrochloride 
were dissolved in water and the base liberated with 
dilute sodium hydroxide solution. The N-methyl-1-
- -
menthylamine was extracted with ether, the ether solu-
tion washed with water and dried over caustic potash. 
68. 
After evaporating off the ether, the base was frac-
tionated under diminished pressure. 15•6g. of pure 
N-methy1-1-menthylamine were obtained. 
Physical Constants of N-methy1-l-menthylamine. 
B.p • 87°/12mm. 
17° 
D4 0·8531 
17° ~ 1•4587 
17° 
aD -66·78° ( ldm • homog • ) 
[a ]17o 
D -78•28° 
[a]17o 
D 
-69•17° (_£. 2 •0240, CHC13) 
(RL]D Found:- 54•12. 
Calculated:- 54•63. 
Derivatives. 
(i) Benzoyl-N-methyl-1-menthylamine. 
To a solution of 2•0g. N-methyl-1-menthyl-
amine in sec. of freshly distilled pyridine were added 
2•0g. benzoyl chloride. The solution was left at room 
temperature for two days and was then poured into 50cc. 
2N. hydrochloric acid. The red syrup which separated 
69. 
was extracted with ether. The ether extract was 
washed once with dilute sulphuric acid and repeatedly 
with dilute sodium hydroxide solution until the red 
colour was removed from the solution. It was finally 
washed with water, dried and fractionated. A yellow 
syrup was obtained, which crystallised spontaneously 
after about a week at room temperature. Recrystal-
lisation from a little methyl alcohol gave colourless 
needles, m.p. 65° and [a]D -32•4° {£. 2•0, CHC13). 
Analysis: 
Found:-
c18H27oN requires:-
c. 
c. 
78·4%, 
79•1%' 
H. 
H. 
9•9%. 
{ii) p-Toluenesulphonyl-N-methyl-1-menthylamine. 
This derivative was prepared in the same way 
as the above and was obtained in the form of colourless 
needles from methyl alcohol. It had m.p. 61° and 
(a]D -37•5° (£• 2•0, CHC13). 
Analysis: 
Found:-
c18H29o2Ns requires:-
c. 
c. 
H. 
H. 
8·9%. 
9·0%. 
70. 
(iii) N-methyl-1-menthylnitrosamine. 
To a solution of 3•2g. li-methyl-1-menthyl-
amine in lOcc. of dilute hydrochloric acid was added 
a solution of 2•5g. sodium nitrite in lOcc. of water. 
The product, a brown oil, was extracted with ether, 
the ether solution washed with water and dried over 
anhydrous sodium sulphate. On fractional distilla-
t1on a pale yellow liquid was obtained (3g.) which 
crystallised on cooling in a freezing mixture. It 
was found to be very soluble in all organic solvents. 
0 Recrystallisation from a little methyl alcohol at 0 
0 gave 2•2g. of pale yellow prisms, having m.p. 30•5 , 
[a]D •39•5° (£. 2•0, CHC1 3) and [a]n -54•0° (£• 2•3, 
benzene}. 
Analysis: 
Found:- c. H. 
c. H. 
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(B]. N-di-Methyl-1-menthylamine. 
(a) N-Methyl-l•menthylgl~cine. 
(i) Ethyl-N-methyl-1-menthylglycine. 
22g. (2•5 mols.) of pure N-methyl-1-menthyl-
amine hydrochloride were dissolved in a minimum of water 
and the secondary base liberated with 2N• sodium hydrox-
ide solution. The N-methyl-1-menthylamine was extracted 
with ether, the ether solution washed thoroughly with 
water and dried over anhydrous sodium sulphate. The 
ether was evaporated off under diminished pressure in a 
500cc. round-bottom flask and 5g. (1 mol.) ethyl chloro-
acetate added. The mixture was refluxed gently at 
140° on an oil bath for six hours. 
(ii) Hydrolysis of ethyl-N-methyl-1-menthylglycine. 
When reaction {i) was complete, 150cc. of 5% 
methyl alcoholic potassi~m hydroxide solution were added 
and the mixture boiled gently for two hours on the water-
bath. 
(iii) Isolation of N-methyl-1-menthylglycine. 
The alcohol and excess base were removed by 
steam-distillation and the N-methyl-1-menthylamine 
- -
recovered as hydrochloride (12•8g.). The aqueous 
solution was concentrated to small bulk, cooled in ice 
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and carbon dioxide passed through. No precipitate 
formed. Hence again li-methyl-1-menthylglycine is more 
soluble in water than the corresponding 1-menthylglycine. 
The solution was accordingly acidified with dilute 
hydrochloric acid and evaporated to dryness. The in-
organic part of the residue was removed by extracting 
the organic part with chloroform and filtering. The 
chloroform was evaporated off leaving a solid. This 
gave no resid~e on ignition but had a strong chlorine 
ion reaction. Lassaigne's test gave nitrogen and 
chlOrine. The substance therefore appeared to be 
N-methyl-1-menthylamine hydrochloride. 
- -
The free 
glycine compound was obtained as follows:-
The hydrochloride was dissolved in a minimum 
of water and the glycine precipitated as its insoluble 
calcium salt with calcium hydroxide solution. The 
calcium salt was filtered, washed thoroughly with water, 
then with a little alcohol and dried in a steam oven. 
It was a white, amorphous solid, weight 9•12g. The 
calcium salt was suspended in a little water and treated 
with the calculated quantity of sulphuric acid ~7cc. li· 
The flask was stoppered and thoroughly shaken 
till the evolution of heat had ceased. An equal volume 
of absolute alcohol was then added and the insoluble 
calcium sulphate removed by filtration. The filtrate 
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was evaporated to dryness, when ~-methyl-1-menthyl­
glycine was obtained. Weight: 8•2g. (88% theory, 
calculated on weight of chloroacetate ester) • Re-
crystallisation from toluene gave 7•lg. of small, 
colourless prisms, which were slightly hygroscopic. 
The dried material had m.p. 148° and [a]D -51•5° 
( .£ • 2 • 0 , H2 0) • 
Analysis: 
0 4•537mg. dried at 100 in vacuo lost 0•294mg. 
C1oH19N{CH3}cH2-COOH.lH20 has 
Dried material gave:-
c13H25o2N requires:-
c. 
c. 
68 •8;~' 
68 •7%' 
H. 
H. 
H20 6.5% 
H20 7•4% 
Probably on standing longer in contact with the 
air N-methyl-1-menthylglycine would take up more 
water to form a stable dih;ydrat.e, c .f. analysis 
figures for li-methyl-d-~menthylglycine. The 
first analysis gave low values for C and H, which 
led to the suspicion that the substance might be 
hygroscopic. These low values corresponded to a 
water content of between 1/2 H20 - 1 H2o. The 
second analysis gave value 2 H2o. This suggests 
that these substances only take up water very 
slowly and have to stand quite a considerable time 
in contact with the air before reaching a stable 
state. 
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(b) Decomposition of N-methyl-1-menthylglycine. 
Formation of N-dimethyl-1-menthylamine. 
5g. of N-methyl-1-menthylglycine were heated 
on an oil bath to 200° (bath temperature) in a small 
round-bottom flask fitted with an air condenser. The 
substance melted with effervescence, but no dimethyl-
amine was detected. The temperature was maintained 
at 200° for one hour. The contents of the flask were 
then cooled and treated with 5cc. 2!i. sodium hydl•oxide 
solution. The colourless refractive oil so obtained 
was extracted with ether, the ether solution washed 
twice with water and dried over anhydrous sodium sul-
phate. Fractionation gave an almost quantitative 
yield of N-dimethyl-1-menthylamine (3•9g. 97•5% 
0 a~7 -51•18° theory). The base had b.p. 90•5°/lOmm., 
0 
(ldm. homog.) and n~7 1•4584. It was identical with 
the base obtained from the dry distillation of 1-menthyl-
trimethylammonium iodide and 1-menthyl-trimethylammonium 
hydroxide, c.f. [C] below. 
(c) Characterisation of N-methyl-1-menthylamine. 
(i) Formation of chloroplatinate. 
0•6cc. base was dissolved in a minimum of 
dilute hydrochloric acid and a solution of 0•5g. 
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platinic chloride in hydrochloric acid added. The 
yellow precipitate was filtered, washed thoroughly 
with water, then with a little absolute alcohol and 
dried in a desiccator. The substance melted at 
205-206° under decomposition. 
Ignition gave:-
(a10H19N(CH3)H]2PtC16 requires:-
Pt. 
Pt. 
(ii) Preparation of quaternary iodide. 
To 2cc. base dissolved in 5cc. methyl alcohol 
were added 2cc. of methyl iodide and the mixture re-
fluxed gently for one hour. The alcohol and excess 
methyl iodide were evaporated off under diminished 
pressure. The quaternary iodide solidified in the 
flask. Recrystallisation from a little acetone gave 
colourless prisms, m.p. 190° and [a)D -39•25° (£. 2•0, 
H20). 
(111) Physical constants of N-di-methyl-1-menthyl-
amine. 
17° D4 0•8462 
17° 
aD -51•18° (ldm. homog). 
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[a]~ 7o 
-60•48° (homog.} 
17° 
-59•67° [a]D (£. 2.0110, CHC13) 
(RL]D Found:- 59 •05. 
Calculated:- 59•34. 
(iv} Rotatory power of N-dimethyl-1-menthylamine 
hydrochloride. 
To a weighed amount of pure ~-dimethyl-1-
menthylamine in a 20cc. polarimeter flask were added a 
few cc. of distilled water and the calculated quantity 
of standard hydrochloric acid solution added from a 
micro-burette. The flask was warmed gently on the 
waterbath until the contents were homogeneous. The 
flask was then allowed to cool to room temperature, 
made up to the mark with distilled water and the 
rotatory power determined in a 2dm. tube. 
Results:- Wt. of ~-dimethyl-1-menthylamine 
= 0•358lg. 
Amount of hydrochloric acid required 
: l•96cc. N. HCl. 
Wt. of hydrochloride in 20cc. water 
= 0•4294g. 
Gave 
-2·15 0 
Therefore (a]D 
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[C]. 1-Menthyl-trimethylammonium iodide and 
1-menthyl-trimethylammonium hydroxide. 
(a) Preparation of 1-menthyl-trimethylammonium iodide. 
75g. 1-menthylamine, prepared from a specimen 
of the hydrochloride having (a]0 -35•9° (£. 2•0, H2o), 
were dissolved in lOOcc. methyl alcohol (magnesium 
dried) and 68•7g. (1 mol.) of methyl iodide added. The 
mixture was boiled under reflux for one hour in a litre-
round-bottom flask. The flask was then cooled and 
11•2g. {1 atom) sodium in 120cc. methyl alcohol added. 
Refluxing was continued for ten minutes, the flask cooled, 
68•7g. methyl iodide added and refluxed gently for ten 
minutes. A further 11•2g. sodium in 120cc. methyl alco-
hol was then added. At this stage some tertiary base 
came out as an oily layer. The solution was made homo-
geneous with methyl alcohol and refluxed for ten minutes. 
After cooling, 68•7g. methyl iodide were added and th~ 
mixture refluxed for one hour. The solution was then 
treated with 11•2g. sodium in 120cc. methyl alcohol, 
transferred to a 2-litre round-bottom flask and steam~ 
distilled. The alcohol and a little incompletely 
methyl~ted base were thus removed and the iodide came 
down from the remaining aqueous alskaline solution in 
glistening white plates, on allowing to cool. After 
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leaving overnight, the crystals were filtered, washed 
with a little cold water and dried on a porous plate. 
Yield: l35•5g. (8~fo theory). The 1-menthyl-trimethyl-
ammonium iodide was also recrystallised from acetone and 
was obtained as large, colourless prisms, having m.p. 
190° under decomposition and [a]0 -39•25° (£. 2•0, H20). 
In alcoholic solution, 1-menthyl-trimethyl-
ammonium iodide takes up one molecular proportion of 
iodine giving the tri-iodide, CloH19N(CH3) 3I 3 • 
Recrystallisation from alcohol gave long, violet needles, 
m.p. 117-118°. The tri-iodide is not so soluble in 
organic solvents as the mono-iodide, with the exception 
of acetone in which it is more soluble. It 1 s unstable 
in alkali, giving back the stable mono-iodide. 
(b) Dry distillation of 1-menthyl-trimethylammonium 
iodide. 
20g. 1-Menthyl-trimethylammonium iodide were 
placed in a small distilling flask and dry distilled 
from an oil bath under ordinary atmospheric pressure. 
0 When the bath temperature reached 190 decomposition 
commenced. The product of decomposition, a non-
homogeneous liquid, was collected in a well-cooled 
receiver. The liquid was transferred to a separating 
funnel and shaken with dilute hydrochloric acid. The 
79. 
insoluble portion was extracted with ether, the ether 
solution washed with dilute hydrochloric acid, then 
with water and dried over anhydrous sodium sulphate. 
On evaporating off the ether under diminished pressure 
and fractionating the product, a menthene (2•5g. -
0 
29•4% theory) was obtained having a~0 + 75•24° (ldm. 
20° homog.) and no 1•4522. 
The acid solution from the above extraction 
was made alkaline with dilute caustic soda solution, 
when a colourless refractive oil came out. This was 
extracted with ether, the ether solution washed thor-
oughly with water to remove any trimethylamine and 
dried over caustic potash. The ether was then 
evaporated off under diminished pressure and on dis-
tilling the residue under diminished pressure, the 
base came over at 100°/l8mm. (7•5g. - 66•41 theory). 
The base had aD -51•16° (ldm. homog.) and ~8·5 0 
1•4582. The base was shown to be N,-dimethyl-1-
menthylamine, c.f. [B] above, section (b). 
(c) Preparation and dry distillation of 1-menthyl-
trimethylammonium hydroxide. 
Freshly prepared, well-washed silver oxide, 
made by treating 16g. silver nitrate with barium hy-
droxide, was covered with water and a solution of 
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20g. 1-menthyl-trirnethylammonium lodide in water added. 
After filtering off the precipitated silver iodide, the 
filtrate was evaporated to a syrupy liquid on the water-
bath and dried in a vacuum desiccator over phosphorous 
pentoxide. The resulting deliquescent crystals of 
1-menthyl-trimethylammonium hydroxide were dry distilled 
under diminished pressure. Decomposition occurred at 
165-170° (bsth temperature) under lOmm. The distillate 
was collected in a well-cooled receiver and the menthene 
and basic oortions separated as before. 2•6g. :nenthene 
(30% theory) and 7•7g. base (68•5/~ theory) were obtained. 
Physical constants of menthene. 
B .p • 56°/lOmm. 
0 ~7 1•4520. 
17° 
D4 0·8149.· 
l7u 0 (ldm. homog.) 
aD +107•34 
17° [a]D +131·7 
0 (homog.) 
[a]D +149•7 0 (£. 1•6365' abs. alcohol) 
[a]D +149•2 0 (.£. 2•1585, ether) 
(RL]D Found:- 45•72 
Calculated:- 45•63 
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The base was again shown to be N-dimethyl-
o 
1-menthylamine. It had b.p. 90-90•5°/lOmm., n57 
1·4584 and a£7° -51•18° (ldm. homog.). 
(d) Dry distillation of 1-menthyl-trimethylammonium 
hydroxide under ordinary atmospheric pressure. 
20g. 1-menthyl-trimethylammonium iodide were 
converted into the hydroxide with moist silver oxide 
and distilled under ordinary pressure from an oil bath. 
At 170° (bath temperature) decomposition began, water, 
trimethyla11ine and a little menthene distilling over. 
The bul1{ of the menthene came over between 175-185°. 
On allowing the temperature to rise slowly, no further 
liquid came over until the temperature of the bath 
0 
reached 215 • 
0 The base came over between 215-235 • 
The menthene and base were separated as before and 
found to be identical with the specimens obtained from 
dry distillation of the quaternary hydroxide under 
reduced pressure. The relative proportions of menthene 
and base also remained unchanged at 30~ menthene and 
70't base. 
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~· ~ethylatton of dl-piueritylamine. 
(A]. N-Methyl-dl-piperitylamine. 
(a) 'Hydrated Azine' of dl-pi2eri~. 
To a solution of lOOg. sodium hydroxide in 
lOOcc. of water in a 2-litre round-bottom flask, •162g. 
of powdered hydrazine sulphate were added in small 
amounts with constant shaldng. The flask was kept 
well cooled under the water-tap to prevent any rise of 
temperature. At the end of the reaction no particles 
of hydrazine sulphate should be visible and the contents 
of the flask should have attained a creamy consistency. 
400cc. methylated spirits were then added and the mix-
ture boiled for ten minuteB on the waterbath. 152g. 
dl-p~peritone were then poured in and the whole refluxed 
for eight hours. The pa.le yellow solution was allowed 
to stand overnight and the sodium sulpb.ate removed by 
filtration. The filtrate was steam-distilled to remove 
the alcohol and excess dl-piperitone and the residue 
extracted with ether. The ether-extract was washed 
once with water and dried by allowing to stand over 
anhydrous calcium chloride for at least two days. On 
removing the ether from a boiling waterbath in vacuo the 
product was obtained as a light-brown syrup containing 
small globules of water. The yield averaged 140-145g. 
(b) Reduction of the 'Hydrated Azine'. 
of dl-pioeritylamine. 
Preparation 
Reduction of the above syrup with pure zinc 
powder and glacial acetic acid yielded a mixture of 
dl-piperitylomine and neutral oil. The maximum yield 
of base was obtained by carrying out the reduction in 
the following :nanner:-
70g. freshly orepared hydrated azine were 
dissolved in 250cc. warm gla.cial acetic acid and trans-
ferred to a wide-mouthed 1-litre flask. A further 
SOcc. glacial acetic acid were used to wash in the solu-
tion. The flask was fitted with a three-holed bung 
carrying a stirrer with a mercury seal, an air condenser 
of e,bout one foot in length and a smaller tube through 
which the zinc powder was added. The flask was immersed 
in a bath of water at 40° and stirring commenced. 80g. 
of pure zinc powder was then added in small portions over 
about half an hour, in such a manner that the bath tern-
0 perature was maintained at between 40-50 • When all the 
zinc had been added the waterbath was raised to boiling 
point and maintained at that temperature for two hours. 
Vigorous stlrring with a mechanical stirrer was main-
tained throughout. The mixture was then diluted with 
500cc. hot water and the excess zinc (pyrophoric) re-
moved by filtration. The filtrate was rendered just 
alkaline '•'ii th concentrated sodium hydroxide solution 
and steam-distilled. The distillate was acidified 
with dilute hydrochloric acid and the neutral oil ex-
tracted with ether. The aqueous layer was then basi-
fied and the base extracted with ether. On drying 
and fractionating, crude dl-piperitylamine was obtained, 
The yield averaged 40g. 
(c) dl-Piperitylglyc1ne. 
AttemPted preparation by normal method. 
(i) Ethyl-dl-piperitylglycine. 
57•5g. (2•5 mols.) dl-piperitylamine, aD -
0•35° (ldm. homog.), were condensed with 18o5g. {1 mol.) 
ethyl chloroacetate for two and a half hours on an oil 
bath at 165-170° in a flask carrying a reflux condenser 
fitted With a soda-lime tube. 
(11) Hydrolysis of ethyl-dl-piperitylglycine. 
When reaction (1) was completed, 550cc. of 
5% methyl alcoholic potassium hydroxide [i.e. suffi-
cient to hydrolyse the ester and to neutralise the 
hydrochloric acid formed in reaction (1)] were added 
and the mixture refluxed on a waterbath for two hours. 
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(iii) Attempted isolation of dl-piperitylglycine. 
The unreacted dl-piper:ttylamine was steam-
distilled away from the product and recovered as the 
hydrochloride (35g.). The aqueous solution remaining 
was concentrated to about 200cc., cooled in ice and 
carbon dioxide passed in. No precipitate of dl-piperi-
tylglycine formed. Evaporation of this solution to 
dryness yielded mainly the potassium salt, whereas 
neutralisation with hydrochloric acid and evaporation 
to dryness yielded the hydrochloride. It was not found 
possible to isolate the extremely soluble free glycine 
compound from either of these. Recourse was therefore 
had to a modified method of preparation. 
Prepar&tion by modified method. 
(i) Ethyl-dl-piueritylglycine. 
25•5g. dl-Piperitylamine (2 mols.) and l2•5g. 
ethyl chloroacetate (1 mol.) were heated together for 
eight hours in dry benzene. A white cake of dl-piperi-
tylamine hydrochloride gradually formed. The benzene 
was distilled off under reduced pressure and the base 
hydrochloride removed by extraction with water. (Re-
covered - 13g.) • The ester was taken up in ether, the 
ether extract washed with water, dried and fractionated. 
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The ester came over at 165°/20mm. Yield: 12•5g. 
The eHter waa characterised as an acid 
oxalate. 2 •4g. Ethyl-dl-piperi tylglycine were dissol-
ved in a ~inimum of hot alcohol and 0•9g. anhydrous 
oxalic acid in alcohol added. A white precipitate of 
the acid oxalate was immediately precipitated. On 
cooling, this was filtered, washed and dried. Yield: 
Two recrystallisations from alcohol 
gave beautiful needles, m.p. 189°. 
Analysis: 
Found:- c. 
rt 
"'· 
H. 
58•4%, H. 
{ii) Hydrolysis of ethyl ester and isolation of 
dl-piperitylgl~cine. 
7•4g. Ethyl-dl-piperitylglycine were hydro-
lysed with 50cc. (10% excess) 5% methyl alcoholic 
potassium hydroxide solution. After hydrolysis, the 
exact amount of 2£!. hydrochloric acid ( 17•4.cc.) required 
to neutralise the alkali used was added. The solution 
was then evaporated to dryness and the glycine extracted 
with chloroform. After removing the chloroform the 
Ql-piperitylglycine was recrystallised from water, in 
which it is extremely soluble. Colourless prisms were 
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obtained, m.p. 180° • 
Analysis: 
Found:- c. 68·6%, H. 
012H21N02 reguires:- c. 68•3%, H. 
(d) Decomposition of dl-piperitylglycine. 
of N-methyl-dl-piperitylamine. 
W·~. 
10•0%. 
Formation 
2·6g. dl-Piperitylglycine were heated at 200° 
on an oil bath for one hour. Evolution of water and 
carbon dioxide occurred. The solution was rendered 
acid by addition of dilute hydrochloric acid and a small 
terpene fraction removed by steam-distillation. The 
residue was again basified and. the N-methyl-dl-piperityl-
amine distilled over in steam. The base was extracted 
with ether, the ether extract dried over caustic potash 
and the ether evaporated off under diminished pressure. 
The yield of secondary base was extremely small. 
(e) Characterisation of N-methyl-dl-piperitylamine. 
N-Methyl-dl-piperit~lnitrosamine. 
The small amount of N-methyl-dl-piperityl-
amine obtained above was dissolved in Sec. 2N. hydro-
chloric acid and 0•6g. sodium nitrite in Sec. water 
added. The resulting yellow oil was extracted with 
ether, the etherial solution washed with water and dried 
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over anhydrous sodium sulphate. On fractionation 
under diminished pressure, a pale yellow oil was 
obtained which crystallised after standtng for some 
time in a freezing mixture. Recrystallisation from 
methyl alcohol at 0° gave light yellow prisms, m.p. 37°. 
Analysis: 
Found:-
c11H20N2o requires:-
c. 
c. 
67•37%' 
67·35i1, 
[B). N-d1Methyl-dl-piperitylamine. 
H. 
H. 
(a) Preparation of N-dirnethyl-dl-piperitylamine. 
25g. dl-Piperitylamine were dissolved in 40cc. 
methyl alcohol (magnesium dried) and ll•4cc. methyl 
iodide added. The mixture was refluxed for half an hour, 
3•4g. sodium in 40cc. mathyl alcohol added and refluxing 
continued for ten minutes. 11•4cc. Methyl iodide were 
then added, the mixture boiled for ten minutes and a 
further 3•4g. sodium in 40cc. methyl alcohol added. The 
whole was finally refluxed for one hour. After methyl-
ation, the excess methyl iodide and alcohol were removed 
by steam-distillation and the mixture of bases then dis-
tilled over in steam. To the distillate 170cc. (lOO% 
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excess) 2~. hydrochloric acid were added. The neutral 
oil which separated was removed by extraction with ether 
and the clear aqueous solution remaining concentrated 
down on the waterbath to about 250cc. This was then 
cooled in ice and a solution of ll•5g. sodium nitrite 
in lOOcc. water allowed to drop in slowly. The solu-
tion was allowed to stand at room temperature for an 
hour, then heated gradually to 70° and maintained at 
that temperature for a further hour. The neutral oil 
was then steam-distilled off, the solution made alkaline 
and the tertiary base distilled over in steam. It was 
extracted with ether, the ether extract washed with 
water and dried over caustic potash. On evaporating 
off the ether under diminished pressure and fraction-
ating the product, lOg. N-dimethyl-dl-piperitylamine 
0 
were obtained. It had b.p. 88°/llmm., n5° 1•4705 and 
2011 0 
aD -1•62 (ldm. homog.). 
(b) Characterisation of N-dimethyl-dl-piperitylamine. 
Formation of chloroplatinate. 
0•6cc. N-diivlethyl-dl-piperitylamine was dissol-
ved in a minimum of dilute hydrochloric acid and a solu-
tion of 0•5g. platinic chloride in dilute hydrochloric 
acid added. The yellow precipitate so obtained was 
filtered, washed with water and alcohol and dried in a 
90. 
vacuum desiccator. The chloroplatinate ha.d m.p. 175° 
Ign'tion gave:-
(c10H17-N(CH3)2-H)2FtC16 reguires:-
Pt. 
Pt. 
25 •20;1.. 
25•27JL 
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~· Meth;ylation of d-piperi tylamine. 
(A]. N-Meth;yl-d-piperitylamine. 
(a) Preparation of d-piperitylamine. 
The d-piperitylamine used in this series of 
experiments was liberated from a specimen of £-piperi-
tylamine-hydrogen-£-tartrate, having [cx]D + 50•0°, left 
by Walker and labelled 'Hanging solution II 1 • The 
base itself had aD + 43•5° (ldm. homog.). The hydro-
chloride nrepared from it had [a]D + 67•25° (£. 2•0, 
H20) and recrystallisation of the hydrochloride from 
toluene raised this value to + 71•5°. 
(b) d-Piperitylglycine. 
(i) Ethyl-d=£iperitylglycine. 
76g. d-Piperitylamine vvere condensed with 
34g. ethyl chloroacetate by refluxing in dry benzene 
for eight hours on the waterbath. The white cake of 
d-piperitylamine hydrochloride formed was washed out 
with water and recovered by evaporating the aqueous 
solution to dryness. 47g. were obtained, [a]D + 67•25°~ 
The benzene layer was washed thoroughly with water, dried 
over anhydrous sodium sulphevte and fractionated. The 
yield of ester was 40•lg. It had b.p. 145-148°/12mm., 
92. 
0 180 
aD+ 58•29 (ldm. homog.) and nD 1•4755. 
The ester was purified over the acid oxalate, 
pre9ared by adding an alcoholic solution of oxalic acid 
to a solut~on of the ester in alcohol. Recrystalli sa-
tion from water gave fine needles, m.p. 195°. 
Analysis: 
Found:- c. H. 
c14H NO -(COOH) requires:- C. 25 2 2 H. 
(ii) Hydrolysis of ethyl-d-piperitylglycine. 
Formation of d-piperitylglycine and 1-a-
nhellandrene. 
40g. Ethyl-£-piperi tylglycine vrere hydrolysed 
with 270cc. 5% methyl alcoholic potassium hydroxide by 
refluxing for two hours on the waterbath. The solution 
was neutralised with the calculated quantity of standard 
hydrochloric acid. After neutralisation an oily layer 
separated on the solution. This was removed by steam-
distillation, extracted with ether, the ether solution 
washed with water and dried over anhydrous sodium sul-
phate. On evporating off the ether, the residual liquid 
distilled over at 68°/22mm. It had a strong terpene 
0 
smell and had aD -43•24° (ldm. homog.) and n54 1•4854. 
Qualitative experiments showed that a copious nitrosite 
could be obtained from as little as one drop of the 
hydrocarbon, indicating that the product consisted 
essentially of 1-a-phellandrene. 
The aqueous layer, above, was evaporated to 
dryness and the free d-piperitylglycine separated from 
the inorganic residue by extraction with chloroform. 
On evaporating off the chloroform 29•2g. of glycine 
compound were obtained. 
(c) Decomnosition of d-pineritylglycine. Formation 
of N-methyl-d-p1per1tylamine and 1,4-di-d-
niperityl-215-dioxypiperazine. 
The d-piperitylglycine was decomposed by 
heating for two hours on an oil bath at 200-210°. The 
residue was acidified with dilute hydrochloric acid and 
the terpene fraction distilled over in steam. It was 
shown to consist essentially of a-terpinene. On basi-
fying the solution and steam-distilling, a little N-
methyl-£-piperitylamine passed over. 
From the sticky residue left in the distilling 
flask after the base had been driven over a white solid 
was obtained after several recrystallisations from 
petroleum ether. It had m.p. 152° and [a]D + 95•0° 
(£. 2•0, alcohol). 
Analysis: 
Found:- c. 
c. 
75•4%, 
74•6%, 
H. 
H. 
9•9%. 
9•9%. 
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(d) N-Methyl-d-piperitylamine hydrochloride. 
The N-methyl-d-piperitylamine obtained from the 
decomposition of d-piperitylglycine was neutralised with 
dilute hydrochloric acid and isolated as the hydrochloride. 
The yield was 2•7g •• On recrystallisation from ethyl 
acetate, beautiful, fine, prismatic needles were obtained, 
having m.p. 180° and [a]0 +96•5° (£• 2•0, H20). 
Analysis: 
Found:- c. 64•70%, H. 10•60%. 
c11H22NC1 reguires:- c. 64•86%, H. 10•81%. 
(e) N-Methyl-d-piperitylamine. 
The base was liberated from the hydrochloride 
with dilute sodium hydroxide and extracted with ether. 
The ether solution was washed with water, dried over 
caustic potash and then fractionated. Pure N -methyl-
d-piperitylamine was obtained. The following physical 
constants were observed for the base:-
B.p. 85•5°/lOmm. 
aD +79•2° (ldm. homog.) 
14° ~ 1•4770 
[a]D +119•9 0 (£• 2•435, CHC13) 
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[B). N-d1Methyl-d-piperitylamine. 
(a) Preparation of N-dimethyl-d-piperitylamine. 
40g. d-Piperitylamine were dissolved in 65ce. 
methyl alcohol (magnesium dried) and 16•5cc. (1 mol.) 
methyl iodide added. The mixture was refluxed for half 
an hour. 6•08g. (1 atom) sodium in 65cc. methyl alcohol 
were then added and refluxing continued for ten minutes. 
The mixture was then treated with a further 16•5cc. methyl 
iodide and refluxed for ten minutes before adding a final 
6•08g. sodium in 65cc. methyl alcohol. The whole was 
then boiled for one hour. On completing the methylation, 
the alcohol and excess methyl iodide were removed by steam-
distillation and the mixture of bases then distilled over 
in steam. This was acidified with 340cc. 2N• hydrochloric 
acid and the neutral oil which separated extracted twice 
with ether. The ether extract was dried and distilled 
under diminished pressure. Two main fractions were 
collected. The first fraction had b.p. 70-80°/l6mm., 
0 
aD -32•10° (ldm. homog.) and n~5 1•4738. A copious 
nitrosite was obtained from a few drops of this fraction, 
Which therefore appeared to consist essentially of 1-a-
phellandrene. The second fraction had b.p. 80-85°/l6mm., 
0 
aD -18•94° (ldm. homog.) and nfi5 1•4679. The nitrosite 
appeared only after a considerable time had elapsed. The 
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second fraction ~'tppeared to consist of 1-a-nhellandrene 
- -
and a-terpinene. The acid solution was evaporated down 
to smaller bulk (about 300cc.) on the waterbath. This 
was then cooled in ice and a solution of 18•4g. sodium 
nitrite in 150cc. water added slowly with thorough 
shaking. The solution was allowed to warm slowly to 
room temperature and allowed to stand for one hour. The 
0 temperature was then raised to 70 and maintained there 
for a further hour. The small amount of neutral oil 
which formed was removed by steam-distillation. The 
residue was then basified and the liberated N-dimethyl-
d-piperitylamine distilled over in steam. The base was 
purified as before, extracted with ether and dried over 
caustic potash. Fractionation gave 15g. N-dimethyl-d• 
piperi tylamine, which had the following constants:-
B .p. 92°/12mm. 
1•4695 
+110•12° (ldm. homog.) 
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(b) Characterisation of N-dimethyl-d-piperitylamine. 
Formation of chloroplatinate. 
0•6cc. N-d1Methyl-d-piperitylamine was dissolved 
in a minimum of dilut.e hydrochloric acid and a solution 
of O•Sg. platinic chloride in dilute hydrochloric acid 
added. An orange-yellow precipitate of the chloro• 
platinate immediately formed. This was filtered, washed 
thoroughly with water, followed by absolute alcohol and 
dried in a vacuum desiccator. 0 It had m.p. 171 under 
decomposition. 
Ignition gave:-
[c10H17•N(CH3)2•H]2PtC16 requires:-
Pt. 
Pt. 
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2• Methylation of 1-piperitylamine. 
(A]. N-Methyl-1-piperitylamine. 
(a) Preparation of 1-piperitylamine. 
75g. d-Tartaric acid were dissolved in 500cc. 
methylated spirits and 250cc. water by warming on the 
waterbath. To this warm solution was added a solution 
of 76•5g. freShly prepared dl-piperitylamine in 150cc. 
methylated spirits and the base washed in with a further 
50cc. of warm methylated spirits. On allowing to cool, 
a crystalline separation occurred. This was filtered 
off, washed thoroughly with a mixture of water and 
methylated spirits of similar strength to the original 
liquor and dried on a porous plate. The 1-piperityl-
amine hydrogen d-tartrate so obtained weighed 73g. and 
had (a]
0 
-40•0° (£. 1•4, H2o). One recrystallisation 
from water gave [a)D -47.14° (£. 1•4, H2o) and a second 
recrystallisation raised this value to -47•8°. 
The pure d-tartrate was suspended in water and 
the base liberated with excess sodium hydroxide. The 
base was extracted with ether, the ether solution dried 
over caustic potash and fractionated. Pure 1-piperityl-
amine came over at 92°/l5mm. It had aD -81•38° (ldm. 
18•5° . 
homog.). (Walker gives a~ -75•94 and Read and Storey, 
l·C•S. ~~ 2777 give afi5 -71•31°.] 
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(b) 1-Piperity1g1ycine. 
(i) Ethyl-1-piperitylglycine. 
24•2g. 1-Piperitylamine [aD •61•5° (ldm. homog.), 
liberated from a specimen of the d-tartrate having (a]D 
-37•5° (hanging resolution)] were condensed with 10•7g. 
ethyl chloroacetate for eight hours in dry benzene. The 
hydrochloride was recovered as before by washing out with 
water (weight 13g.). The benzene solution was dried and 
fractionated, yielding 14•5g. of the ester, which had 
b.p. 163-165°/25mm., aD -51•14° (ldm. homog.) and 
20° 
nD 1•4733. 
The ester was purified over the acid oxalate. 
Two recrystallisations from water gave white, prismatic 
d 1960. nee les, m.p. 
Analysis: 
Found:- c. H. 
c14H25No2 (COOH)2 requires:- C. 58•36%, H. 8•21%. 
Pure ethyl-1-piperitylglycine, liberated from 
0 
the oxalate, had a~7 -83•14° (ldm. homog.) and 
0 ~7 1•4748. 
(1i) HydrolYsis of ethyl-1-piperitylglycine. 
Formation of 1-piperitylglycine. 
11•4g. of Ethyl-1-piperitylglycine were hydro-
lysed for two hours on the waterbath with 80cc. 5% methyl 
lOO. 
alcoholic potassium hydroxide. The resulting alkaline 
solution was neutralised with the calculated amount of 
standard hydrochloric acid. The neutral solution was 
then evaporated to dryness and the free glycine extracted 
with chloroform. On evaporating off the chloroform, the 
glycine solidified to a sticky solid, which was extremely 
soluble in water. 
(c) Decomposition of 1-piperitylglycine. Formation of 
N-methyl-1-piperitylamine, 1,4-di-1-piperityl-2,5-
dioxypiperazine and a-terpinene. 
The 1-piperltylglycine obtained above was heated 
at 190° for one hour on an oil bath. Decomposition 
occurred with formation of a neutral terpene fraction, a 
small amount of base and a solid residue of piperazine 
derivative. The neutral fraction was removed by steam-
distillation from acid solution (5g.). It was practically 
optically inactive and gave no nitrosite. On basifying 
the residue and steam-distilling a small amount of N-methyl-
1-piperitylamine was obtained. The residue after the 
steam-distillation contained an oily surface layer which 
solidified to a sticky solid. This was filtered off, 
washed as well as possible with water and recrystallised 
from aqueous alcohol. Sticky crystals were obtained, 
but after a further two recrystallisations from petroleum 
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ether the substance was sufficiently pure to be identi-
fied as 1,4-di-1-piperityl-2,5-dioxypiperazine. It 
recrystallised from this solvent in the form of small, 
white needles, m.p. 152° and [a]D -113•3° (£. 1•783, 
alcohol) • 
Anal:! si s: 
Found:- c. 75 •6%' H. 9•9%. 
C24H38N202 reguires:- c. 7 4 •6%, H. 10•0%. 
(d} N-Methyl-1-piperitylamine hydrochloride. 
The base obtained from the steam-distillation 
above was neutralised with dilute hydrochloric acid and 
evaporated to dryness, yielding 0•7g. of the hydro• 
chloride. Two recrystallisations from toluene gave 
beautiful, white needles, m.p. 180°, having [a]D -96•7° 
(£. 1•982, H20) • 
Analysis: 
Found:- c. H. 
c. H. 
Since recrystallisation of the N-methyl-1-
piperitylamine hydrochloride above had reduced the already 
small yield to such proportions as to render liberation 
of the free base for the purpose of measuring its rotatory 
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power impracticable, an attempt was made to prepare 
this secondary base by methylation of pure 1-piperityl-
amine using one molecular proportion of methyl iodide 
and one atom of sodium. The secondary base was libera-
ted as the nitroso-compound, which was extracted with 
ether, the ether extract dried over anhydrous sodium 
sulphate and the ether then distilled off under dimin-
ished pressure. Hydrolysis of the nitrosamine by the 
method of Ladenburg (Ber. 12. 949, (1879]) with concen-
trated hydrochloric acid and gaseous hydrogen chloride 
resulted however in the production of a tarry oil by 
decomposition and no secondary base was obtained. 
[B]. N-diMethyl-1-piperitylamine. 
(a) Preparation of N-dimethyl-l•piperitylamine. 
38g. l•Piperitylamine, having aD ·81•38° (ldm. 
homog.), were dissolved in 60cc. methyl alcohol (magnesium 
dried} and 15•7cc. methyl iodide added. The mixture was 
refluxed for half an hour, then 5•8g. sodium in 60ce. 
methyl alcohol added and refluxing continued for ten 
minutes. After similar treatment with a further 15•7cc. 
methyl iodide, a final 5•8g. of sodium in 60cc. methyl 
alcohol were added and the whole refluxed for an hour. 
The alcohol and excess methyl iodide were then removed 
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by steam-distillation, followed by the mixture of bases. 
These were acidified with 320cc. 2N. hydrochloric acid 
and the neutral o1.1 which separated extracted with ether. 
After drying and evaporating off the ether, the residual 
liquid (13•5g.) was distilled under diminished pressure, 
two fractions being collected. The first had b.p. 70-
• 80°/llmm., aD +21•68° (ldm. homog.) and n~6 1•4716. It 
gave a copious nitrosite and consisted essentially of 
d-a-phellandrene. The higher boiling fraction, b.p. 80-
850/llmm. had aD +20•84° (ldm. homog.) and n~6o 1•4670. 
It gave no nitrosite. 
The acid solution was evaporated to smaller 
bulk, cooled in ice and treated with a solution of 17•5g. 
sodium nitrite in 150cc. water, with constant shaking. 
After reaching room temperature the solution was allowed 
0 to stand for one hour, then heated to 70 and maintained 
at that temperature for a further hour. The small amount 
of neutral oil which had separated was removed by steam-
distillation, and the N-dimethyl-1-piperitylamine liberated 
with alkali and driven over in steam. The base was ex-
tracted with ether, the ether extract being dried over 
caustic potash. Fractionation gave 14•5g. N•dimethyl-1-
piperitylamine. The tertiary base had the following 
physical constants:-
B .p. 100°/17mm. 
-174•7° (ldm. homog.) 
104. 
(b) Characterisation of N-dimethyl-1-piperitylamine. 
0•6cc. li-diMethyl-1-piperitylamine was dissolved 
in a minimum of dilute hydrochloric acid and a solution of 
0•5g. platinic chloride in hydrochloric acid added. The 
orange-yellow precipitate of the chloroplatinate was fil-
tered off, washed with water and alcohol and dried in a 
vacuum desiccator. It had m.p. 165° under decomposition. 
Ignition gave:- Pt. 
(c) Rotatory power of N-dimethyl-1-piperitylamine 
hydrochloride. 
The rotatory power of the hydrochloride was 
measured by weighing out a known amount of N-dimethyl• 
1-piperitylamine and acidifying with the required amount 
of standard hydrochloric acid, the solution being then 
made up to the mark with distilled water. The flask 
was heated gently on'the waterbath till the solution was 
clear. The value obtained was (a]D ·83•2° (£• 1•983, 
H20). 
§.. 
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Additional experiments. 
Apnlication of the method to the N-alkyla~ 
of aniline. 
[A]. N-methylaniline. 
(a) N-Phenylglycine. 
c.f. Vanino. 1923, 2. 606. Also Meyer, ~· ~. 
1156 and Bischoff and Hausd&rfer. Ber. ~, 2270. 
(i) Ethyl-N-phenylgl~cine 
To 46•5g. (2•5 mols.) aniline in a two~litre 
round-bottom flask were added 24•5g. (1 mol.) ethyl 
chloroacetate and the solution heated under a reflux 
0 
condenser on an oil bath at 120-130 for four hours. 
(ii) Hydrolysis of ethyl-N-phenylglycine. 
When reaction (1) was complete, 700cc. of 5% 
methyl alcoholic potassium hydroxide (i.e. sufficient 
I 
to hydrolyse the ester and neutralise the hydrochloric 
acid formed) were added and the mixture was boiled on 
a waterbath for two hours. 
(iii) Isolation of N-phenylglycine • 
. The alcohol and unreacted aniline were steam-
distilled away from the product. The aqueous solution 
(about 500cc. in volume) in the flask was evaporated 
106. 
down on the waterbath to 250cc., cooled in ice-water 
and carbon dioxide passed in until the solution reacted 
distinctly acid to litmus. No separation of phenyl~ 
glycine was observed. Hence phenylglycine is a stronger 
acid than carbonic acid and the PH value of the solution 
is still too high, i.e. still alkaline to phenylglycine. 
On reducing the PH value still further with dilute hydro-
chloric acid (2N), a creamy, whitish~brown solid came 
down. The phenylglycine was filtered off, washed with 
a little ice-cold water anc dried in the oven. The 
mother-liquors were concentrated down a little further, 
when a little more phenylglycine was obtained. Yield: 
20g. (66% theory). m.p. 126-127° (recrystallised from 
water). 
(b) Decomposition of N-phenylglycine. Formation of 
monomethylaniline and 1,4-diphenyl-2 1 5-dioxy-
piperazine. 
lOg. of phenylglycine were heated in a small 
round-bottom flask in an oil bath. At bath temperature 
130° the crystals melted without effervescence. The 
temperature was allowed to rise slwoly when slight effer-
vescence appeared to take place and water-vapour was 
evolved which condensed on the sides of the flask. When 
0 the bath temperature reached 200 , the flask was removed, 
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allowed to cool and 5cc. 2N. sodium hydroxide added, 
followed by steam-distillation. A few drops of oil 
passed over with the steam and were collected in the 
receiver. This oil was shown to be monomethylaniline. 
The main product of the reaction was however 
contained in the residue as a white solid. It was f11-
tered off, washed with wate~, dried and recrystallised 
from absolute alcohol, in which it was not very soluble. 
It had m.p. 263° and was insoluble in water, acids and 
alkali. The substance was 1,4-d1phenyl-2,5•dioxy-
piperazine (Beilstein. Syst. 3587) formed by two glycine 
molecules condensing with elimination of two molecules of 
water. The yield was 6•3g. (71% theory). 
[B). N-diMethylaniline. 
(a) N-methyl-phenylglycine. 
c.r. Silberstein. ~. 11, 2661; also Hinsberg 
Ber. gr, 3258. 
(i) Ethyl-N-methyl-phenylglycine. 
To 53•5g. (2•5 mols.) monomethylaniline in a 
two-litre round•bottom flask were added 24•5g. (1 mol.) 
ethyl chloroacetate and the solution was heated under a 
0 
reflux condenser on an oil bath at 130 for three hours. 
108. 
(ii) Hydrolysis of ethyl-N-methyl-phenylglycine. 
When reaction (i) was completed, 700cc. of 
5% methyl alcoholic caustic potash were added and the 
mixture boiled in a waterbath for two hours. 
(i11) Isolation of N-methyl-phenylglycine. 
The unreacted monomethylanil1ne and the al-
cohol were removed by steam-distillation. The aqueous 
solution was evaporated down to about 250cc. on the 
waterbath, cooled in ice and carbon dioxide passed in 
till the solution was acid to litmus. No precipitate 
formed. On acidification with dilute hydrochloric 
acid, N-methyl-phenylglycine came out as a thick liquid, 
heavier than water. This was extracted with chloroform, 
the chloroform solution washed thoroughly with water and 
dried over anhydrous sodium sulphate. On evaporating 
off the chloroform under reduced pressure, 24•5g. (73% 
theory) N-methyl-phenylglycine were obtained. 
(b) Decomposition of N-methyl-phenylglycine. 
Formation of dimethylaniline. 
(i) It was shown that N-methyl-phenylglycine de-
composes on distillation under ordinary pressure giving 
dimethylaniline. 
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(ii) Some of the liquid was digested with a little 
cold, concentrated hydrochloric acid. A crystalline 
hydrochloride was obtained. Recrystallisation from 
concentrated hydrochloric acid gave colourless prisms, 
very soluble in water, having m.p. 194-5°. When an 
aqueous solution of the hydrochloride was evaporated 
down slowly to dryness on the waterbath, a thick vis-
cous liquid was obtained, which was very hygroscoplc. 
This appeared to be dimethylaniline hydrochloride. 
Attempts made to modify original condensation process. 
An exhaustive series of experiments was carried 
out in an a>ttempt to modify the condensation process. 
The method described is completely satisfactory, except 
in one respect, namely, that an excess of base has to be 
used to fix the hydrochloric acid formed. No loss of 
material ts involved, but the preparation of large 
quantities of valuable bases is a disadvantage. Briefly, 
the idea was to find some inorganic base or basic salt, 
or, alternatively, some tertiary organic base, which 
would fix the hydrochloric acid liberated in the conden-
sation process, without itself combining with the ethyl 
chloroacetate or otherwise influencing the reaction. 
For this series of experiments aniline was used. 
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Molecular proportions of aniline and ch1oroacetic ester 
were condensed in the presence of various inorganic and 
organic bases. It will suffice to indicate the sub-
stances used and the results obtained. 
(a) Anhydrous sodium carbonate. (solid). 
The reaction proceeds normally, but the sodium 
chloride formed causes the reaction mixture to become 
solid and prevents the reaction from going to completion. 
(b) Hydrated sodium acetate. i.e. in aqueous suspension. 
(£. 1908, I, 1006). 
The reference merely states that the phenyl-
glycine ester was obtained in good yield and excellent 
purity. The yield was found to be only of the order of 
50%. This reaction was also carried out with d-~­
menthylamine, but, from 50g. d-n&2menthylamine hydro-
chloride and 32g. of ethyl chloroacet.ate, only l?g. of 
d-~menthylglycine were obtained. 
(c) Pyridine. 
Tried alone and also in dry benzene. In both 
cases an addition compound was formed with the ethyl 
chloroacetate and this addition compound did not break 
up again at the temperature of the reaction. 
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(d) Quinoline. 
Addition compound formed. 
(e) Dimethylaniline. 
Gave yields of less than 50%, probably due to 
an addition compound being formed. 
on original method. 
Hence no improvement 
Attempts were also made to condense aniline 
directly with chloroacetic acid. The phenylglyc1ne was 
precipitated immediately on formation in the form of an 
insoluble salt of a heavy metalo That is, molecular 
proportions of aniline and chloroacetic acid were con-
densed in saturated salt solution in the presence of 
oxides or carbonates of the heavy metals, such as hydrated 
ferrous oxide or ferrous carbonate. c.f. Q. 1906. II. 
1746. The phenylglycine salt, being insoluble in satu-
rated salt solution, was precipitated, filtered off and 
decomposed with alkali. 
factory. 
The yields were again unsatis-
112. 
Part II. 
A POSSIBLE METHOD OF DETERMINING THE EFFECTS 
OF SUBSTITUTION BY MEANS OF THE VELOCITY OF 
DECOLORISATION OF SUBSTITUTED PYRIDINE•ARYLIMINES. 
113. 
~· THEORETICAL 
Pyridine-aryl-imines, discovered by W. Schneider, 
represent a novel type of intensely coloured bases, which 
are to be regarded as anhydrides of N-aryl-amino-pyrid-
inium hydroxides. They can be obtained by condensation 
of pyrylium compounds with aryl-hydrazines and decompo-
sition with alkali of the resulting pyridinium salts. 
By the use of substituted pyrylium salts on the one hand 
and substituted aryl-hydrazines on the other, a whole 
series of such anhydrobases has been prepared. 
c.f. W. Schneider. " Uber Pyridin-arylimine, I. Ann. 
~~ 115. (1924). Subsequent evidence suggests the 
following representation for the reaction:-
X Ar-NH Ar-N 
I \ ,, X 11 I 
c Ar-.2:JH-NH2 N" alkali ROR ROR ROR ) ) -H20 
R R R 
The pyridine-aryl-imines were discovered during 
investigations into the properties of 2-methyl-4,6-
diphenyl-pyrylium iodide (V) • Condensatlon of this 
compound with phenyl-hydrazine gave N-phenylamino-2-
methyl-4,6-diphenyl-pyridinium iodide (I), which in turn 
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was found to give a deep violet anhydro-base on treat-
men t Vltr,h alkali • Two formulae ( II and III) came into 
cons1deratlon for this nb ~ ~ a _yaro-base. 
96H5 96H5 C6H 
NH NH • 5 I 
---I N I 11 N- N N 
C6H50CH3 C6H5VCH2 C6H5YCH3 
/ 
C6H5 C6H5 C6H5 
I II rrr 
The chemical propertles of the compound were in 
ae:reernent with both formulae. Schneider was able to 
show, however, that the intense colour of the anhydro-
base could not be explained from the methylene dihydro-
pyridine form (II). c.f. Ann. 438, 115. (1924). 
The methylene dihydro-cyclamines are all amorphous, 
unstable substances, usually yellow in colour and not 
capable of being recrystallised • The anhydro-base 
in question wac crystalline in form, relatively stable 
and of a much more intense colour. It could, moreover, 
be recrystallised. The behaviour of the substance on 
treatment with methyl iodide provided further strong 
evidence a.gainst f.ormula rr. An addition compound 
was isolated which wa.s shown to be identical with 
N-(methyl-phenyl-amino)-2-methyl-4,6-diphenyl-pyridinium 
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iodide (IV) obtained by the action of methyl-phenyl-
hydrazine on 2-methyl-4,6-dj.phenyl-pyrylium iodide (V). 
This reaction can however easily be explained from 
formula III. 
III IV 
It would therefore appear that formula III 
should be aAcribed to the anhydro-base. This con-
elusion received strong support when Leutheusser 
(Dissertation, Jena, 1924) succeeded in isolating an 
analogous deep-blue base (VI) from N-phenylamino-
2,4,6-triphenyl-pyridinium iodide (VII). 
VII 
alkali 
) 
VI 
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As in this case no methylene dihydro-pyridine 
form is possible, the colour of the anhydro-base can 
only be explained by formula III, in which it may, at 
this stage, be said that the grouping -N ~N iN is 
strongly chromophoric (see later). 
From experiments involving treatment of the 
blue triphenyl-base (VI) with carbon disulphide and 
phenyl mustard oil, Schneider succeeded in demonstra-
ting the presence of small amounts of 2,4,6-triphenyl-
pyridine in the decolourised solutions. The formation 
of this compound is easily explained from the pyridine-
imine structure, being caused simply by the splitting 
In one instance, using phenyl 
mustard oil, an indication as to what might happen to 
this group was obtained. Schneider isolated a red 
crystalline compound, of formula c12H1oNS, and assumed 
that he had obtained a sulphur analogue of Wieland's 
This observatton led 
him to investigate the effect of catalytic hydrogenation 
on these anhydro-bases. The blue solution of the base 
(VI) in methyl alcohol was decolourised by hydrogen, 
using platinum black as catalyst, within a few seconds. 
On breaking off the hydrolysis at the moment of complete 
decolourisation, a quantitative yield of tr1phenyl-
pyr1d1ne was obtained, along wtth aniline from the 
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This smooth decomposition 
of the pyridine-imine by catalytic hydrogenation is 
amply illustrated by the scheme:-
H -~ 
~6H5 
~H2 
N 
'\ C6H5 
and provides further strong evidence for the constitu-
tion assigned to the base by Schneider. Since methyl-
diphenyl-pyrtdine-imine behaves analogously on cata-
lytic hydrogenation - yielding 2-methyl-4,6-diphenyl-
pyridine and aniline - the pyridine-imine structure 
must also hold for this base and for all the other 
analogues. 
From the reactions so far mentioned, it is 
evident that the pyridine-imine structure holds for 
these anhydro-bases, and that the intense colour of 
these substances in particular is due to such a struc-
ture. Nevertheless, these bases can also react in 
the tautomeric methylene dihydro-pyridine form, as is 
clearly indicated by the following considerations. 
The two compounds, the methyl-diphenyl-base 
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(III) and the triphenyl base ~VI), exhibit notable 
differences in their chemical and optical properties. 
The behaviour of the former towards carbon disulphide, 
phenyl mustard oil and phenyl isocyanate is totally 
different compared with the latter {c.f. Ann. ~. 
115. 1924) and must be based on the tautomeric 
methylene dihydro-pyridine formula. The triphenyl 
base, moreover, is completely stable in all solvents 
and such solutions always show the same deep blue 
colour, whereas solutions of the methyl-diphenyl-base 
differ quite appreciably in colour according to the 
nature of the solvent and exhibit a more or less defi-
nite instability. This difference in optical proper-
ties is illustrated by the following table, compiled 
by Schneider and Trebitz. 
Solvent Methyl-diphenyl-base (III) Triphenyl-base {VI) 
a. b. a. b. 
Toluene blue blue blue blue 
Chloroform violet red-lilac blue blue 
~lcohol red-lilac fuchsine-red blue blue 
a. Temperature of ether-carbon dioxide mixture. 
b. Temperature of liquid air. 
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These results can doubtless be explained by 
the fact that the base (III) can form solvates with 
certain solvents and that the changes in colour are 
due to "Solvatochromie". The solvate formation de-
pends on increased addition of solvent molecules with 
increasing di-pole nature of the solvent and also on 
the temperature. The unchanged colour of the tri-
phenyl base in all solvents indicates, however, that 
the constitution of the base itself plays a decisive 
part in the phenomenon. One is, therefore, forced 
to conclude that the capacity of the methyl-diphenyl-
base for solvate formation is accounted for by the 
possibility of its desmotropic conversion into the 
methylene dihydro-pyridine form, which perhaps forms 
the desired structural state in the solvates. The 
triphenyl base, however, ·must react solely in the 
pyridine-imine form and therefore exhibits no 
"Solvatochromie". 
Intramolecular change undergone by the pyridine-aryl-
imines. 
It has already been mentioned that 2-methyl-
4,6-diphenyl-pyridine li-phenylimine is unstable in 
solution. The characteristic colour fades after a 
relatively short time and reddish-brown solutions are 
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obtained, from which, until recently, no definite pro-
duct had been isolated. On the other hand, in the case 
of two homologues of this pyridine-imine, it had already 
been found that these compounds undergo a conversion 
into colourless isomers. The first such case is des-
cribed by G. Trebitz (Dissertation. Jena, 1922) who 
synthesised 2-ethyl-4,6-diphenyl-pyridine phenylimine 
(VIII). He thought the tsomeric conversion of the 
blue ethyl base could be explained by reaction of the 
base in its ethylene dihydro-pyridine form, ring 
closure ta~ing place between the nitrogen of the imino-
group and one of the ethylene carbon atoms, yielding a 
pyrazolidine derivative (IX). 
C6H5 
I 
N 
11 
N 
C 6H5 \ CH2-cH3 
VIII IX 
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It was later found by GBrner (Dissertation. 
Jena, 1924) that 2-methyl-diphenyl-pyridine-li-0-and 
N-p-tolylimines (X and XI) undergo a conversion into 
colourless, isomeric substances. 
N 
11 
N 
This phenomenon was again irreversible. An 
analogous representation of the products was not so 
feasible in this case. 
The fact that certain pyridine-imines give 
rise to substituted pyridines under certain conditions -
c.f. action of carbon disulphide or catalytic hydro-
genation on the 2,4,6-triphenyl compound (VI) above • 
led to the suspicion that the decolourisation of solu-
tions of the methyl base (III) might be based on a 
similar decomposition with formation of methyl-diphenyl-
pyridine. Schneider and Weiss (Ber. 61. II, 2445, 
[1928]) showed however that this was not the case, 
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but rather that alcoholic solutions of the blue base 
underwent intramolecular rearrangement with the forma-
tion of a colourless, i. someri c, weakly basic substance. 
The formation of a ring compound as postulated by 
Trebitz was again improbable here, for such a ring would 
consist of only four members, two of which would be 
nitrogen and two carbon atoms, i.e. an exceedingly un-
stable system. After it was known, however, that the 
-N=N: grouping could be relatively easily broken, the 
consideration arose that the c6H5N= group might separate 
off and wander to the methyl carbon atom. This could 
be more easily explained if one were to suppose that the 
reaction occurred from the desmotropic methylene dihydro-
pyridine formula (II), according to the following scheme:-
The product should therefore be a secondary base, 
possessing properties similar to, say, benzyl-aniline. 
This can be converted into a Schiff's base, benzylidene 
aniline, by careful oxidation and this in turn can be 
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hydrolysed to benzaldehyde and aniline. Experiments 
to prepare a Schiff's base from the isomerisation pro-
duct were entirely negative. li'urther, the behaviour 
of the substance towards nitrous acid showed that it 
was not a secondary base, as no nitrosamine was obtained. 
On the contrary, the resulting acid solution showed the 
Droperttes of a diazonium solution and could be coupled 
with phenols. Although the resulting dyes could not 
be isolated in a pure state, suitable for analysis, no 
doubt was entertained as to their nature. Hence the 
product of the intramolecular change was to be regarded 
as a primary base and the intramolecular rearrangement 
itself as a conversion on the lines of the benzidine 
change, as indicated below. 
Schneider and Weiss endeavoured to confirm 
this by removal of the amino-group by heating the 
diazotised solution with alcohol. They obtained a 
crystalline compound, the composition of w~ich was not, 
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however, in agreement with the expected 2-benzyl-
~,6-diphenyl-pyridine. They were unable to identify 
this compound. The author has since isolated this 
product in the pure state (see later) and shown it to 
be an indazole derivative of the isomerisation product. 
Schneider and Weiss were therefore compelled 
to confirm their projected formula in other ways. 
Treatment with excess methyl iodide and evaporation 
to dryness yielded a resinous product. Further treat-
ment with chloroform gave a crystalline compound, which 
on analysis appeared to have the formula XII, 
+ 
XII. 
namely, a hydriodide of 2-methyl-amino-benzyl-4,6-
diphenyl-pyridine methiodide, i.e. the hydriodide of a 
secondary base. Treatment of this salt with nitrous 
acid in glacial acetic acid gave an amorphous product, 
which gave a positive Liebermann's reaction and was 
therefore to be regarded as a nitrosamine. 
These results, although not completely 
(a) 
(b) 
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definite, pointed to the conclusion that the isomerisa-
tion product of the blue methyl-diphenyl-pyridine-imine 
was in fact a 2-amino-benzyl-4,6-diphenyl-pyridine. 
It now remained to establish the position of the amino 
group in the compound, i.e. in particular, whether the 
amino group was in 0· or p- position and hence whether 
the intramolecular change was to be interpreted as an 
0- or p- benzidine change. 
Jacobson and Huber (Ber. 41· 660/664 [1908]) 
had shown that the nitroso-compounds of o-benzoylamino-
and p-benzoylamino-diphenyl methane can be distinguished 
by their behaviour on boiling in benzene. The former 
compound splits off benzoic acid and ring closure occurs 
with formation of a phenyl-indazole (a), whereas the 
latter loses benzoic acid and nitrogen giving rise to a 
diphenyl derivative (b). 
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Schneider and Weiss therefore prepared the 
nitroso-benzoyl derivative of their isomerisation pro-
duct and submitted it to the above reaction. They 
obtained, in small yield, a crystalline substance, 
whose nitrogen content was in agreement with the figures 
required for the indazole derivative (XIII). The re-
action had therefore apparently gone as follows:-
It was therefore concluded that solutions of 
2-methyl-4,6-diphenyl-pyridine-li-phenylimine undergo an 
intramolecular change with the formation of the isomeric 
2-(o-amino-benzyl)-4,6-diphenyl-pyridine (XIV). 
CH~ 
2 )===/ 
XIV • 
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Schneider and Weiss found, in addition, that 
the isomeris8tion product of the 2-ethyl-4,6-diphenyl-
pyridine-N-phenylimine (VIII) investigated by Trebitz 
behaved analogously to that of the base (IJT). In 
particular its nitroso-benzoyl derivative again gave 
rise to an indazole on subjecting it to the reaction 
of Jacobsen and Huber. Hence the colourless base 
isolated by Trebitz (IX) must now be regarded as 
a-(o-amino-phenyl)-2-ethyl-4,6-diphenyl-pyridine (XV), 
XV • 
while the colourless bases of GSrner, from the pyridine-
imines (X) and (XI) are 2-(3'-methyl-2'-amino-benzyl) 
and 2•(5'-methyl-2'-amino-benzyl)-4,6-diphenyl-pyridine 
(XVI) and {XVII) respectively 
X:VI • 
C.--H5 0 
XVII. 
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It has been mentioned that Schneider and Weiss, 
on attempting to remove the amino-group from 2-(o-amino-
benzyl)-4,6-diphenyl-pyridine by diazotising and boiling 
with alcohol, obtained a crystalline compound, which 
they were unable to identify. Schneider accordingly 
omitted all reference to this experiment in publishing 
the results of the research (Berichte. 61, II. 2445, 
[ 1928]) • It now seemed desirable to clarify this 
point, more particularly since the evidence leading to 
the establishing of the above formula for the isomerisa-
tion product is not absolutely conclusive. The author 
accordingly repeated the work of Weiss and found that 
his compound (C2oH15N3) was not absolutely pure. Re-
crystallisation from a better medium (toluene} gave 
0 beautiful colourless needles, m.p. 245 • Analysis 
results pointed to a formula c24H17N3 , i.e. a loss of 
three hydrogen atoms and a gain of one nttrogen atom, 
It was 
therefore concluded that the substance was 2-(3'-indazolo)-
4,6-diphenyl-pyridine (XVIII), formed by ring closure with 
elimination of water from the intermediate diazonium 
compound. 
O=N•OH 
XIV. ) 
N C6H50CH2~ Hq 'F==/ 
N=N 
C6H5 
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Hence, by means of this simple experiment, 
it has now been definitely established that the 
amino-group is in the a-position and that the formula 
XIV ascribed to the isomerisation product of 2-methyl• 
4,6-diphenyl-pyrtdine-N-phenylimine is, in fact, correct. 
It should at this stage be pointed out that 
the intramolecular change so far discussed was dis-
covered more than ten years ago. During that period 
Professor Schneider had come to doubt whether his 
interpretation of the reaction was entirely correct. 
The i~dentification of the above compound as an inda-
zole derivative was however entirely conclusive and, 
moreover, the method employed was now found to corres-
pond to a general method for preparing such substances 
(c.f. Berichte. 21, 2556). The way was accordingly 
now open for a more exhaustive examination of this 
intramolecular change, based on more modern ideas now 
being applied to such phenomena and, in particular, on 
recent developments of the electronic theory of valency 
as outlined by Arnt and Eistert [c.f. Tautomerie und 
Mesomerie, von Bernd Eistert - Sammlung chemischer und 
chemisch-technischer Vortr~ge - Neue Folge, Heft 40, 
1938]. 
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The remainder of this theoretical discussion 
is therefore concerned with the mechanism of this intra-
molecular change. In order that the picture presented 
may be as clear as possible, the author intends to pro-
ceed on the following lines:-
(A) Brief mention will be made of the distinction now 
drawn between tautomerism and mesomerism on the 
basis of the electronic theory. 
(B) It will be shown how the intense colour of these 
anhydro-bases is explained by the large number of 
possible mesomeric states of which the compounds 
are capable. 
(C) It is hoped to illustrate how the two formul~ 
(II and III) for these anhydro-bases are simply 
bounding forms of a common electron formula, the 
one being protomeric with it and the other electro-
meric, and how, further, the mechanism of the intra-
molecular change discussed above can be developed 
from the common 'zwitterion' formula. 
(D) That this interpretation of the mechanism of the 
reaction can readily be verified by experiments 
involving the measurement of the velocity of the 
intramolecular change by the colour change which 
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occurs, firstly with the original anhydro-base and 
subsequently with substituted anhydro-bases. 
(E) It will then be shovrn how, having established 
the mechanism of the reaction, we have here a 
possible method of determining the effects of 
substi t 1ltion by means of the velocity of de-
colourisation of substituted pyridine-aryl-imines. 
(~) The expression tautomerism was originally 
employed to describe the experimental observation that 
many compounds behave chemically as if constituted 
according to two different formulae. This included 
such changes as the equilibrium between keto-enol forms 
and also oscillation of valency phenomena, as in benzene, 
etc. In recent years, the term tautomerism has been 
modified to include only the former equilibria between 
structural isomers, while for the latter the term meso-
merism is now used. 
Tautomerism. 
Me some ri sm. 
R-C=CH-COOEt 
OH 
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The difference between the two is well illus-
trated by the following examples, where - represents 
a lone pair of electrons. 
10- H 
I 
c ,, 
HC CH 
I 11 
HC CH 
~ / 
N 
' ' proton 
wandering 
( -OH-pyridine 
( 1) 
- {-) 
I 0 I 
c ;, 
HC CH 
I D 
HC CH 
' / N (+) 
J, 
H 
~ 
electron 
wandering 
zwi tterion 
(inner salt) 
! -OH-pyr id one 
( 3) 
.___.::.p_r_o_t_o_m_e_r_i_c_· --.J/ ( 2) ""'" __ e_l_e_.c_t_r_o_m_e_r_ic ___ .J 
tautomeric ··----------' 
(1) and (3) are bounding forms, fixed by the hydrogen 
and both can be fetched out of the equilibrium. Tau to-
merism consists essentially of proton movement, followed 
by electron wandering and readjustment or oscillation 
of valances. If, however, proton wandering :ts excluded, 
but simply electron wandering and oscillation of valencies 
occurs, then we hCJve mesomerism. The gamma pyrones may 
be cited as an example of mesomerism. Here, proton 
movement cevnnot occur. 
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/ \. + 
0 I 0 I ( -) to-H 11 I 
c c c /'\ ~" H+ /'\ HC CH ~ HC CH HC CH 
11 11 I 11 ~ I 11 so
4
H (-) 
' HC CH HC CH (80 4H]- HC CH \ / '\/ 
'I 0 0 ( +) ' / 0 
( l) mesomerism~) ( 3) 
For instance, this substance gives a colourless 
salt with sulphuric acid. This is not in agreement with 
formula (1), since substances of this type (e.g. di-
benzal-acetone) give intensely coloured solutions with 
sulphuric acid. This colourless salt must therefore be 
derived from the mesomeric formula (2) and has the con-
stitution shown (3). 
(B) Let us now examine the formation of the anhydro-
base, 2-methyl-4,6-diphenyl-pyridine-N-phenylimine, from 
the point of view of the electronic theory. 
NaOH 
I. XIX. 
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The hydrogen of the imino-group is removed as 
a proton, leaving a second lone electron pair on the 
nitrogen, which therefore now carried a negative charge. 
The resulting electron formula (XIX) for the anhydro-
base may be called an ammonium azeniate. This sub-
stance will be capable of intense mesomeric states, 
due to electron wandering giving ammonium carbeniate 
forms. Some of these are indicated below:-
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These mesomeric formulae contain groupings 
normally regarded as chromophoric and satisfactorily 
explain the intense colour of the anhydrobase. A 
brief consideration of the physical basis of colour 
in organic substances leads to the same conclusion. 
Colour is simply the property of ~~orbing light of 
a certain spectrum range. When electromagnetic rays 
meet a material particle they can be adsorbede Since 
for atoms and molecules quantum laws hold, each chemi-
cal individual will adsorb from the complete spectrum 
only such characteristic bands as relate to the possi-
bilities of excitement of the molecule (Anregungs-
mBglichkeiten). If E1 and E2 represent two possible 
states of energy of the molecule, then the energy of 
excitement E = E1-E2 = hj, where his Planck's constant 
and j the adsorbed frequency. The particle adsorbing 
the energy simply acts as a transformer of the energy 
streaming in. In the wave-length band up to about 
2,000mu, adsorbtion is due almost entirely to electron 
excitement (Elektronen-anregung). From the above 
equation it follows that the adsorbed frequency is pro-
portional to the required energy of excitement. Hence 
adsorbtion of the relatively long waves of the visible 
spectrum wi.ll be caused by such electrons as require 
comparatively slight energy of excitement. The 
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electrons of the so-called chromophoric groupings 
require the least energy to excite them and these are 
the cause of the chromophoric nature of such unsatu-
rated compounds. Now the bounding formulre of meso-
merism simply give the outer range of the possible 
arrangements of these electrons and the more such 
bounding formulae which can be constructed, the 
greater will be the number of different possible quan-
tum states which they include. We see, too, that the 
energy levels of the possible individual states of 
excitement must lie closer to each other the more of 
such energy levels we have. Hence, in such cases 
E will be very small and adsorbtion of small frequencies, 
i.e. long wave-lengths, will occur. Similarly, the in-
tense colour of the pyridine-aryl-imines can be explained 
by the large number of possible mesomeric states which 
they are capable of assuming. 
(Q). It has been shown how N-phenylamino-2-methyl-
4,6-diphenyl-pyridinium iodide (I) gives a deep violet 
anhydrobase on treatment with alkali, to which two possible 
formulre (II and III) can be ascribed, the latter form 
representing a pyridine-arylimine while the former has 
the tautomeric methylene dihydro-pyridine structure. 
The pyridine-aryl-imine form (III) possesses the novel 
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grouping ~N =N-, not consistent ~ith the electronic 
theory, the only 90s si ble analogies being the am:lno-
oxides, R3N:O and the phosphine phenylimines of 
Staudinger, R3P=N-C 6H5 • A little consideration will 
show, however, that the electronic formula (XIX) of 
the anhydrobase arrived at under (B) above represents 
2-methyl-4,6-diphenyl-pyridine-N-phenylimine, (XIX) 
bein3 simply the modern way of writing the more classi-
cal valency formula (III). 
L"CI. 
classical valency formula. modern electronic formula. 
We have seen further that this anhydrobase 
undergoes an intramolecular change in solution and that 
this conversion could readily be explained if we con~ 
sidered the sub stance as reacting in its ·tautomeric 
methylene dihydro-pyridine form. Let us now formulate 
the tautomerism of this compound as under (A) above, 
remembering that the first stage must be proton 
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wandering, followed by electron wandering and re-
adjustment of valencies. 
H·r-o 
N ( +) C6Hi )cH3 _ __.. 
Y proton 
C6HS wandering 
III or XIX XX II 
We see, therefore, that II and III, the 
methylene dihydro-pyridine and pyridine-aryl-imine 
forms, respectively, are simply bounding forms of a 
common electron formula (XX), formula (III) being 
protomeric with it and formula (II} electromeric. 
Now, the intramolecular change which the 
anhydrobase undergoes has already been formulated 
according to the classical theory of valency from 
the methylene dihydro-pyridine form (II). We are 
concerned here, however, with the mechanism of this 
intramolecular change on the basis of the modern 
electronic theory. Obviously, therefore, the mechan-
ism of this change must be derived from the 'zwitterion' 
formula (XX) • Let us rewrite this in a manner which 
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approximates 'more closely to the actual spacial con-
figuration of the molecule. 
For convenience, certain positions in the 
molecule have been numbered as shown. In this form, 
it at once becomes obvious why we have here a change 
similar to the a-benzidine change, linkage occurring 
between carbon atoms 1 and 6, and not between atoms 
1 and 8. Further, the mechanism of the conversion 
involves linkage of carbon atoms 1 and 6 and rupture 
of the N-N linkage in positions 3 and 4. 
Since the 1,6 positions are in such close 
proximity to each other, the electro-negative car-
beniate group -cH2(-) in position 1 will exert an 
electron pressure on the octet of carbon atom 6, 
tending to repel or displace the electrons of this 
octet towards positions 5 and 7. That is, position 
6 will lose a certain increment of its normal elec-
tronic state, thus becoming more positive than before. 
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Hence, a small positive charged(+) has been induced at 
carbon atom 6 by the presence of the neighbouring electro-
negative charge in position 1. This does not confine 
itself to carbon atom 6 but spreads to neighbouring atoms 
which become alternately more positive or more negative 
(alternating stable and unstable octet). Similarly, 
this induction will be reinforced from the other side by 
the positive charge on nitrogen atom 3, which will exert 
an electron drag on nitrogen atom 4, thus inducing a 
d ( +) charge. It will be seen, therefore, that the mole-
cule is in a somewhat unstable electronic state, and this 
may be illustrated diagramatically by the figure below:-
The intramolecular change which occurs in solu-
tion is a direct result of this electronic instability 
and on the principle that like charges repel and unlike 
charges attract, there will be attraction between carbon 
atoms 1 and 6 and repulsion in positions 3 and 4. Hence, 
in the limiting state, an intramolecular change wtll take 
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place to a system of greater stability, linkage occurring 
between positions 1 and 6 with rupture of the N-N bond in 
positions 3 and 4. 
(~). The above interpretation of the mechanism of 
the intramolecular change can readily be verified by 
experiment. Since the anhydrobase is intensely violet 
and the isomeric product colourless, the velocity of the 
reaction can be measured by the colour change involved. 
Thus, if an alcoholic solution of the anhydrobase is 
heated, the violet colour gradually disappears and the 
solution becomes lightish-red in colour. In conducting 
such experiments, the following procedure was rigidly 
adhered to:-
1/2000 Mol. of the pyridinium iodide was 
placed in a 50cc. round-bottom flask, fitted with a re-
flux condenser and a small inlet tube. The flask was 
warmed gently with a small flame under a copper gauge, 
care being taken not to melt the solid iodide. On an 
adjacent wire gauge a small conical flask containing 
20cc. absolute alcohol and lee. 2!. sodium hydroxide 
solution was heated to boiling and this hot solution 
quickly poured into the round-bottom flask containing 
the pyridinium iodide. The flame under the flask was 
momentarily raised till the alcoholic solution was again 
boiling, which usually occurred within ten seconds of 
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introducing the solution. Then the flame was lowered 
to such dimensions as to keep the solution refluxing 
gently. A stop-watch was started at the moment the 
alkaline alcoholic solution was added, that is, simul-
' taneously with the appearance of the violet colour caused 
by the liberation of the anhydrobase, and wa·s stopped 
only when the last trace of violet had disappeared from 
the solution. The experiment was conducted at a large 
window in bright daylight and the end•point was easily 
determinable. Thus, when N-phenylam1no-2-methyl•4,6- . 
diphenylpyridinium iodide (I) was treated in this way, 
the liberated 2-methyla4,6-diphenylpyr1dine•!·Phenylim1ne 
was found to lose its violet colour in 32 minutes. 
Now, supposing we consider the case of 2•methyl-
The methyl group has a general o(+) effect, 
shown in red, 'and this effect must reinforce the induced 
positive charges in positions 4 and 6. Hence, if the 
mechanism of the reaction is correct, the presence of the 
methyl group ahould further increase the instability of 
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the molecule by facilitating union between the ·l,6 
position and rupture of the 3,4 bond. In other words, 
the intramolecular change should proceed more rapidly 
than with the unsubstituted anhydrobase. 
Similarly, in the case of 2•methyl-4,6•di• 
phenylpyridine•N-o-tolylimine the ortho-methyl group 
will have a similar effect 
CH Ut-I ~ 
HNI dr:;-
and the reaction should proceed more rapidly. 
Measurement of the actual times required gave 
7•85 minutes for the p•compound and 7•75 minutes for the 
a-compound. 
Moreover, when both methyl groups are present, 
as in 2•methyl-4,6-diphenylpyridine•N-2' ,4'-xylylimine 
cfl-t) 
elf'-) 
HN 
I 
the cJ ( +) effects of the two methyl groups should reinforce 
each other and the reaction should go even more rapidly 
than for the tolyl compounds. 
Measurement of the time required in this case 
gave 2•18 minutes. 
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Supposing, however, we introduce an electro~ 
negative constituent such as chlorine in the para position. 
J'(-) 
S"(-t-) &-J d(-) 
. ~ R-N1 ,_· -a Cl Jl-fl b cf(-) . 
( + )N3 CH (-) (Y.' 2 
Here, the general effect is 6(-) , · opposing the 
electron pressure tending to make the oetet of carbon 
atom 6 more positive and also opp0sing the electron drag 
I 
. 
on the nitrogen of the imino~group. The result should 
therefore be to stabilise the molecule by rendering union 
between atoms 1 and 6 and rupture of the 3,4 bond more 
difficult. Hence, the intramolecular change should take 
longer in this case than with the unsubstituted compound. 
Measurement of the velocity of the intramolecular 
change of 2-methyl ... 4,6-diphenylpyridine•N-p-chlorophenyl-
imine gave 95 minutes for the time required. 
From the above results it can be seen that, 
assuming the general or nett effect of the methyl group 
to be o(+) and that. of the chlorine atom to bed(-), an 
assumption which is now generally acceptable, the inter~ 
pretation of the mechanism of the intramolecular change 
undergone by the pyridine-arylimines developed in (C) 
above has been verified by experiment. 
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(E) • This intramolecular change would appear to 
afford a novel method of determining the effects of 
substitution, since these effects can be directly 
measured in terms of the velocity of the intramolecular 
change, simply by introducing the desired atom or group 
into the molecule and measuring the time required for 
decolorisation. Let us consider, for example, the 
substitution of a methyl group in o-, m- and p- posi-
tions. These three compounds may be represented dia-
grammatically by (a), (b) and (c) respectively, as 
shown below, the pyridine part of the molecule being 
the same in every case. 
HN--o-CH3 
I 
(a) (b) (c) 
The times measured for tpe intramolecular 
change in these three cases are given below, the accel-
eration caused by the introduction of the methyl group 
being calculated by dividing 32 minutes by the measured 
time in each instance. 
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Substituent. Time. Acceleration. 
2-methyl (a) 7•75 minutes 4•13 
3-methyl (b) 25•5 minutes 1·26 
4-methyl (c) 7•85 minutes 4•08 
. 
Substitution in positions 2 and 4 has there-
fore a like effect, whereas a methyl group in position 
3 causes only a slight acceleration. From this, it is 
apparent that the effect of the methyl radical is not 
simply a field effect, otherwise the effect of m• sub-
stitution would be intermediate between the other two. 
There must be two different effects working and of 
these one must be an alternating effect, alternatively 
opposing and reinforcing the other as illustrated below. 
J t~H} 
lrI ~,t ... 
+ -1- + 
-+~+ - ..... HN,_ - + H 
'
.,. - 3 
+'" -t 
( a) ( b ) (c) 
We thus have two effects, a direct effect, 
Which may be called the D effect, and an alternating 
effect, the A effect. In (a) and (c) these reinforce 
each other in positions 4 and 6, whereas in (b) they 
147. 
act in opposition to each other. Further,_ of these 
two effects, the D effect is the greater, since the 
sum effect in (b) causes acceleration and must there-
fore be <f ( +) • Hence, taking the mean acceleration of 
(a) and (c), we can write 
D + A -
-
and D ... A -
-
from which we get D -... 
4•105 
1•26 
1•89 A. 
That is, the direct effect is almost twice 
as great as the alternating effect. 
Let us now consider the effect of an electro-
negative group, such as chlorine, in meta- and para-
positions. 
- Cl 
11N - ~ - ~ --Q + 
. ,~ - + ,_ -
( d ) ( e ) 
The direct effect is d (-) in this case. 
Moreover, the alternating effect will oppose the direct 
effect in positions 4 and 6 in (d) but will reinforce it 
in (e) • We saw that the p•chloro-compound took 95 
minutes to decolorise, so that here again the direct 
effect is the greater. ·Moreover, from (e) we see that 
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the meta-compound should take even longer to lose its 
colour than the p-compound. 
experiment 
This was borne out by 
Substituent. Time. 
p-chlorine {d) 95 minutes 
m-chlorine (e) 370 minutes 
Therefore again we can write 
D A 
and D + A 
giving D 
-
-
-
-
-
-
2•97 
11•56 
1•69A. 
Retardation. 
2•97 
11•56 
That is, in the case of chlorine, the alterna-
ting effect is relatively stronger than with the methyl 
group. 
Further, we can compare the absolute effect of 
the chlorine atom and the methyl group by comparing their 
influence on the velocity of the reaction. For this we 
must take the maximum effects in each case, that is, when 
D and A effects are working together, in other words we 
must compare p-methyl (c) with m-chlorine (e). 
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Substituent. Time. Acceleration. 
4-methyl (c) 7·85 minutes + 4•08 
3-chlorine (e) 370 minutes -11•56 
Therefore the chlorine atom has an effect 2•83 
times that of the methyl group, but in the opposite sense. 
Let us now consider the effect of introducing 
two methyl groups. 
studied:-
The following compounds have been 
CH3 
i-b-CH3 ~-c$3 
I CH 3 
(f) {g) 
(h) ( 1) 
The times measured for these compounds are given in the 
following table:-
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Substituent. Time. Acceleration. 
2,4-dimethyl (f) 2•18 minutes 14•7 
3,5-dimethyl (g) 19 minutes 1•68 
2,3-dimethyl (h) 4 minutes 8 
2,5-dimethyl (i) 5 minutes 6•4 
Since, in the case of substituents such as 
2,4-dimethyl the reaction was completed in such a short 
space of time, a fairly large error was involved in the 
measurement of the intramolecular change. Thus the 
error incurred at the beginning before the solution 
started to boil again and the slight error always in-
curred in recording the exact end-point amounted to 
quite a considerable percentage error in such a case 
where the intramolecular change only occupied some two 
minutes. It was accordingly deemed advisable to carry 
out the reaction in methyl alcohol, which has a lower 
boiling point than ethyl alcohol, thus giving corres-
pondingly longer times for the intramolecular change • 
. The following table indicates the results given by some 
of these compounds in methyl alcohol. 
151. 
Intramolecular change in methyl alcohol. 
Substituent. Time. Acceleration. 
none 123•5 minutes 
-
2-methyl (a) 30•5 minutes 4•05 
3-methyl (b) 99•5 minutes 1•24 
2,4-dimethyl (f) 7•56 minutes 16•32 
3,5-dimethyl (g) 77•5 minutes 1•59 
2,3-dimethyl (h) 15•33 minutes 8•04 
2,5-dimethyl ( i) 19•75 minutes 6•25 
From the above two tables, several interesting 
relations emerge. For instance, if we denote the accel-
eration caused by an ortho- or para- methyl group by x 
and that caused by a met a ... methyl group by y, we have the 
following:-
Substi tuent. Acceleration. 
2-methyl X 
3-methyl y 
2,4-dimethyl x2 
3,5-dimethyl y2 
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That is, if the methyl groups are in meta-
position to each other, or, in other words, if their 
mutual D and A effects reinforce each other, then the 
resultant effect is the product of the effect of each 
methyl group separately. 
When, however, the two methyl groups are in 
ortho- or para- position to each other and their mutual 
A and D effects are in opposition, as in the 2,3- and 
2,5-dimethyl-derivatives, then this does not hold. 
Substituent. Acceleration. Product (xy). 
2,3-dimethyl (h) 8•05 5•02 
2, 5-dimethyl ( 1) 6•25 5•02 
The actual effect is greater than the product 
of the two separate effects in both cases, being much 
larger when the two methyl groups are in o- position and 
slightly larger when they are in p- position. 
A similar result was obtained on substituting 
three methyl groups, as in the compound {j). 
( j) HN 
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This decolorised in 1•3 minutes in ethyl 
alcohol and in 4•8 minutes in methyl alcohol, giving an 
acceleration factor 25•7 compared with the calculated 
value of 20•3 for x2y. 
This additional d(+) effect of two or more 
methyl groups in o- or p- positions to each other must 
be due to the mutual effect they exert on each other. 
In addition to the compounds discussed above, 
bromine and iodine were also introduced into the p-
position. The table below g~_ves the values obtained 
in these cases, the corresponding p-chloro-compound being 
included for purposes of comparison. 
Substituent. Time. Retardation. 
p-chlorine 95 minutes 2•97 
p-bromine 152 minutes 4•75 
p ... iodine 175 minutes 5•47 
J 
These results are as expected and illustrate 
the increasing retardation caused by the increase in 
electronegative character of the substituting group. 
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Summing up, it would appear that in con-
sidering the effects of substitution on the pyridine-
arylimines at least two effects must be taken into 
account. One of these is a direct effect and the 
other an alternating effect, the former being the 
larger in all the cases studied. In the case of the 
methyl group, these experiments have shown that the 
direct effect, or D effect, as it has been called, 
does not appear to be a field effect, but must rather 
be regarded as an electromeric effect, occurring not 
through space but through the carbon chain. Other-
wise an o-methyl should have a much greater d(+) effect 
than a p-methyl group. The methyl group would, in 
fact, a.ppeat to have an almost negligible field effect. 
In addition to this direct effect there is an alternating 
effect, the methyl group functioning here as an electro-
negative group. The resultant of these two effects is 
always d(+) since the electromeric effect is the greater. 
In the case of chlorine as substituent, the 
direct effect is again to be regarded as an electromeric 
effect. The field effect of chlorine only appears to 
come into full play in the ortho- position. Substi-
tution of a-chlorine was expected to retard the re-
action to an even greater extent than p- substitution. 
It was found, however, to have exactly the opposite 
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effect as was shown by the fact that the intramolecular 
change took only 36 minutes, that is, almost the same 
a,s the time taken by the unsubstituted compound (32 
minutes) • Thus in some way the field effect of the 
chlorine has almost neutralised the resultant of the 
other two affects tending to retardation. This it 
can only have done by influencing the charge of the 
quaternary nitrogen atom and altering the electronic 
equilibrium of the molecule. 
In addition to the effect which the intro-
duction of substituents has on the velocity of the 
intramolecular change, it should be evident that it 
will also have an effect on the mesomerism of the com• 
pound, as illustrated in (B) above. Since the meso-
merism is responsible for the intense colour of these 
anhydrobases, anything which influences the mesomerism 
must also influence the colour. Hence the colour of 
the substituted anhydrobases will differ according to 
the nature of the substituting groups and, since the 
electronic nature of the substituents is again the 
decisive factor, there should be an analogy between 
the relative colour of the anhydrobases and the velocity 
of the intramolecular change which they undergo. That 
there is such an analogy is evident from tables IV and V. 
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These give the colour of the anhydrobases and the times 
required for the intramolecular change in ethyl and 
methyl alcohol respectively. It will be seen that as 
the colour of the anhydrobases passes from violet to 
blue, the velocity of the intramolecular change increases, 
while, as the colour passes from violet up to red the 
velocity of the intramolecular change decreases. That 
is, the bluer the solution of the anhydrobase in alcohol, 
the shorter 1 s the time required for the intra.molecular 
change, the redder the solution, the longer the time 
required. The only exception to this rule was the 
o-chloro-compound, which, while taking up its proper 
place in the colour series, fell completely out of line 
in the time series, as has already been mentioned. This 
affords an excellent illustration of the correctness of 
the distinction now drawn between mesomerism and taut-
omerism on the basis of the electronic theory. The 
mesomerism of the anhydrobase is responsible for the 
colour, Whereas the mechanism of the intramolecular 
change is derived from the tautomerism of the compound. 
The field effect of the chlorine does not appear to 
influence the mesomerism but does influence the tautomeric 
zwitterion from which the intramolecular change occurs. 
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TABLE IV 
Colour and velocity of intramolecular change in ethyl alcohol. 
Substi tuent. Time. Colour. 
2,4,5-trimethyl 1•3 minutes pure blue 
2,4-dimethyl 2•18 minutes corn-flower blue 
2,3-dimethyl 4 minutes indigo-blue 
2,5-dimethyl 5 minutes indigo-blue 
2-methyl 7•75 minutes ultramarine-blue 
4-methyl 7•85 minutes ultramarine-blue 
3,5-dimethyl 19 minutes violet-blue 
3-methyl 25•5 minutes blue-violet 
none 32 minutes violet 
p-chlorine 95 minutes red-tinged violet 
p-bromine 152 minutes red-violet 
p-iodine 175 minutes red-violet 
o-chlorine 36 minutes violet-red 
m-chlorine 370 minutes violet-tinged red 
158. 
TABLE V 
Colour and velocity of intramolecular change in methyl alcohol. 
Substi tuent. Time. Colour. 
2,4,5-trimethyl 4•8 minutes blue 
2, 4-dimethyl 7•56 minutes ultramarine-blue 
2,3-dimethyl 15•33 minutes violet-tinged blue 
2,5-dimethyl 19•75 minutes violet-tinged blue 
2-methyl 30•5 minutes blue-violet 
4-methyl 32•33 minutes blue-violet 
3,5-dimethyl 77•5 minutes blue-tinged violet 
3-methyl 99•5 minutes violet 
none 123•5 minutes red-violet 
p-chlorine 
-
violet-tinged red 
p•bromine 
-
violet-tinged wine-red 
p-iodine 
-
violet-tinged wine-red 
a-chlorine 
-
wine-red 
m-chlorine 
-
carmine-red 
159. 
~· I EXPERIMENTAL. 
2-Methyl-4,6-diphenyl-pyrylium sulphoacetate. 
c.f. Schneider and Seebach, Ber. 2J, 2289. 
lOOcc. acetic anhydride and 30cc. concentrated 
sulphuric acid were slowly mixed with thorough cooling. 
When the evolution of heat had ceased the mixture was 
transferred in a flask to a waterbath warmed to 75-80°, 
the temperature of the bath being controlled by means 
of a thermometer. After 2-3 hours, during which the 
temperature was not allowed to exceed 80°, no free 
sulphuric acid remained in the liquid (barium chloride 
test) • 
The contents of the flask were then cooled to 
room temperature and 30cc. acetophenone added. The 
0 
mixture was warmed gently at 45-50 on a waterbath for 
about 34 hours. The previously reddish-brown mixture 
began to turn dark brown after about one hour. After 
some hours heating a further 10-20cc. of acetophenone 
were added. At the end of the stated time, an equal 
volume of alcohol was added. The cooled reaction 
mixture was seeded with a few crystals obtained from 
a small sample by careful addition of ether and scrat-
ching with a glass rod, whereupon the sulphoacetate 
fell out in such quantity that the liquid solidified 
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to a thick paste. The crystals were filtered off and 
washed with alcohol containing a little ether. From 
the mother-liquid a further small amount was obtained 
by careful addition of ether. The total yield of 
crude product was about 50% of the theoretical. The 
salt was purified by recrystallisation from hot water. 
It formed fine yellow needles, m.p. 204°. It was 
fairly insoluble in water but underwent gradual de-
composition by hydrolysis, especially on warming, 
yielding pyranhydrone, which was evident from the 
blue colouration. In acidified water, however, it 
could be dissolved easily without decomposition. 
Such solutions were almost colourless but showed an 
intense blue fluorescence. 
2-Methyl-4,6-diphenyl-pyrylium iodide. 
The iodide was characterised by the beautiful 
red colour of its crystals. It was obtained, on 
cooling, from an acid solution of the sulphoacetate 
treated with a concentrated potassium iodide solution 
at 80°. On slow cooling it crystallised in long 
needles, m.p. 222°. It could be recrystallised only 
from slightly acid solution, but decomposed on heating 
in neutral solution. 
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N-Phenylamino-2-methyl-4,6-diphenyl-pyridinium iodide. 
The pyrylium iodide above was suspended in 
boiling benzene and a solution of phenylhydrazine in 
benzene gradually added drop by drop. After a short 
time the red iodide was decomposed and replaced by fine 
crystals of a yellow salt. The new iodide was re-
crystallised from alcohol and melted at 200°. It was 
only slightly soluble in water but imparted a definite 
yellow colour to it. It decomposed fairly rapidly on 
exposure to light, becoming dark brown in the process. 
Intramolecular Change of N-phenylamino-2-methyl-4,6-
diphenyl-pyridinium iodide. Formation of 2,-{o-amino-
benzyl)-4,6-diphenyl pyridine • 
. lOg. of 2-methyl-4,6-diphenyl-pyridinium iodide 
were dissolved in 250cc. boiling alcohol. 2cc. of 7% 
caustic soda solution were added and the mixture boiled 
for ten minutes under reflux, when the deep violet 
colouration first produced had disappeared. Boiling 
was continued and a further four similar amounts of 
caustic soda solution added at intervals of 15 minutes. 
When the violet colour had disappeared for the last 
time, a little zinc dust was added and the contents of 
the . flask heated till the solution was light yellow in 
colour. The liquid was then filtered hot from the 
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residual zinc, washed with hot alcohol and the alcohol 
partly driven off by steam-distillation. On cooling, 
yellowish-brown crystals were precipitated. After 
several recrystallisations from alcohol, these were 
obtained as colourless rhombic needles, m.p. 144°. 
The yield of crude product was about 50%. 
Colour of anh;ydrobase. 
(a) In ethyl alcohol violet. 
(b) In methyl alcohol red-violet. 
Measurement of velocity of intramolecular change. 
1/2,000 Mol. (0•2320g.) N-phenylamino-2-methyl-4,6-
diphenyl-pyridinium iodide in 20cc. alcohol + lee. 
2N. NaOH. 
(a) Time in ethyl alcohol 
(b) Time in methyl alcohol 
32 minutes. 
123•5 minutes. 
Formation of an indazole derivative, 2-13'-indazolo)• 
4,6-d1£henyl-pyridine. 
(a) Attempted removal of the amino-group. Decompostion 
of the d1azotised base with alcohol. (c.f. Griess, 
Annalen, 121, 69. [1866]) 
lg. 2-(o-aminobenzyl)-4,6-diphenyl pyridine was 
dissolved in lOcc. warm glacial acetic acid and 20cc. 
dilute sulphuric acid {1:5) added. The solution was 
cooled in ice to below +5° and diazotised with 3cc. li· 
sodium nitrite. The diazotised solution was allowed 
to stand for a quarter of an hour at room temperature 
and was then poured into 50cc. alcohol at about 40°. 
The solution became reddish-brown in colour. The 
alcohol was distilled off in steam, when a reddish-
brown crystalline precipitate was obtained on allowing 
to cool. This was filtered off and washed with water. 
Yield: 0•9g. {87% theoretical). 0 m.p. 210 • After 
several recrystallisations from toluene, the compound 
0 
was obtained as small colourless needles, m.p. 245 • 
Analysis:- 4•912mg. gave 14•880mg. co2 , 2•190mg. H20 
and 0•012mg. residue. 
Found:- c. H. 
c. H. 
{b) Attempted preparation of a phenol derivative. 
(c.f. Houben. 3, 60) 
A solution of lg. 2-(o-aminobenzyl)-4,6-
diphenyl pyridine in lOcc. water and 1•5cc. concentrated 
sulphuric acid was gradually diazotised with a concen-
trated solution of 0•5g. sodium nitrite. On leaving 
the liquid to stand no evolution of nitrogen occurred, 
but the inda,zole derivative fell out as a yellow 
amorphous powder. On filtering this off and recrystal-
lising, the same product as before was obtained. 
Yield: 85% theoretical. 
N-(ortho-Tolylamino)-2-methyl-4,6-diphenyl-pyridinium 
iodide. 
3g. Pyrylium iodide were suspended in 60cc. of 
boiling benzene and a solution of 3g. o-tolyl-hydrazine 
in 30cc. benzene added from a dropping-funnel. The red 
iodide disappeared rapidly and a yellow crystalline 
precipitate formed. This was filtered, washed with 
benzene and dried. Yield: 3•3g. Recrystallisation 
from alcohol and subsequent drying in a vacuum desic-
cator gave yellow leaflets, m.p. 176~, which darkened 
rapidly on exposure to light. 
Product of intramolecular conversion of N-(ortho-tolyl-
amino)-2-methil-4,6-diphenyl-pyridinium iodide. 2-(3'-
Methyl-2'-aminobenzyl)-4,6-diphenyl pyridine. 
The ortho-tol~lamino-pyridinium iodide was 
dissolved in ten times its weight of alcohol by boiling 
on the waterbath and the calculated amount of caustic 
soda solution added in portions as before. The solu-
tion decolourised gradually. After the final addition 
of alkali and the disappearance of the violet-blue 
colour the solution was cleared to light yellow by 
165. 
boiling with zinc dust and the product worked up as 
before. Yield: 50%. Colourless needles (from alcohol), 
m.p. 126°. 
Colour of anhydrobase. 
(a) In ethyl alcohol 
(b) In methyl alcohol 
ultramarine-blue. 
blue-violet. 
Measurement of velocity of intramolecular change. 
1/2,000 Mol. (0•239g.) N-(ortho-tolylamino)-2-methyl-
4,6-diphenyl-pyridinium iodide in 20cc. alcohol + lee. 
2li. NaOH. 
(a) Time in ethyl alcohol 
(b) Time in methyl alcohol 30•5 minutes. 
N-(p-Tolyl-amino~-2-methyl-4,6-diphenyl-pYridinium iodide. 
The reaction product from p-tolyl-hydrazine ( 3g.) 
·and 2-methyl-4,6-diphenyl-pyrylium iodide (3g.) was ob-
tained in ~~e same manner as described above for N-(o-
tolylamino)-2-methyl-4,6-diphenyl-pyridinium iodide. 
The pyrylium iodide was well powdered and the mixture 
boiled for about one hour in benzene. The yellow 
pyridinium iodide possessed similar properties to the 
1730. above. Yield: 3•5g., m.p. 
166. 
Conversion product of N-(p-tolylamino)-2-methyl-4,6-
diphenyl-pyridinium iodide. 2-(5'-Methyl-2'-amino-
benzyl)-4,6-diphenyl-pyridine. 
On treatment with alkali in alcoholic solu-
tion an intramolecular change similar to that described 
above for the corresponding o-tolyl derivative occurred. 
The product was isolated as before. 
(from alcohol), m.p. 165°. 
Colourless needles 
Colour of anhydrobas~. 
(a) In ethyl alcohol 
(b) In methyl alcohol 
ultramarine-blue. 
blue-violet. 
Measurement of velocity of intramolecular change. 
1/2,000 Mol. (0•239g.) N-(p-tolylamino)-2-methyl-
4,6-diphenyl-pyridinium iodide in 20cc. alcohol + lee. 
2!!. Ns.OH. 
(a) Time in ethyl alcohol 
(b) Time in methyl alcohol 
7•85 minutes. 
32•33 mtnutes. 
N-(meta-Tolylamino)-2-methyl-4,6-diphenyl-pyridinium iodide. 
8·5g. Pyrylium iodide were suspended in 50cc. 
boiling benzene and a soluM.on of 5g. m-t.olyl-hydrazine 
in the minimum quantity of benzene added slowly, drop 
by drop. The red iodide was quickly replaced by a 
yellow crystalline precipitate. The solution was 
167. 
refluxed on the waterbath till the product was com-
pletely yellow in colour (about one hour). Weight of 
crude product: lOg., m.p. 178°. Several recrystal-
lisations from alcohol yielded beautiful yellow needles, 
m.p.l87°. 
Analysis: 
Found:- c. 
c. 
62•69%, 
62·76%' 
H. 
H. 
4~83%. 
4•81%. 
Intramolecular Conversion. Formation of 2-(4'-methyl-
2'-aminobenzyl)-4,6-diphenyl-pyridine. 
5g. li-(m-Tolylamino)-2-methyl-4,6-diphenyl-
pyridinium iodide were dissolved in 125cc. boiling 
alcohol, and lOcc. 7% sodium hydroxide solution added. 
The resulting violet solution was heated to boiling 
for about one hour on the waterbath till the colour was 
only reddish-brown. The colour was further reduced to 
light yellow by the addition of a little zinc dust, the 
solution filtered hot and allowed to cool. After 
standing overnight, the yellowish-brown crystals which 
separated were filtered, washed with alcohol and dried. 
Weight: 2 •Og., m .p. 156-158(1. Recrystallisation from 
i 1 t 1 161\1. alcohol gave 1 ght yel ow crys a s, m.p. Further 
recrystallisations were necessary before the product was 
completely pure. Beautiful prisms, m.p. 168°. 
168. 
Analysis:- 5·199mg. gave 16•270mg. C02 and 3•010mg. 
Found:- c. 
Calc. for C25H22N2:- c. 
Colour of anhydrobase. 
(a) In ethyl alcohol 
(b) In methyl alcohol 
85•7%, H. 6·29%. 
85•32%' H. 6•43%. 
blue-violet. 
violet. 
H20• 
Measurement of velocity of intramolecular change. 
1/2,000 Mol (0•239g.) N-(m-tolylamino)-2-methyl-4,6-
diphenyl-pyridinium iodide in 20cc. alcohol+ lee. 
2N. NaOH. 
(a) Time in ethyl alcohol 
(b) Time in methyl alcohol 
25•5 minutes. 
99•5 minutes. 
N-(2,4-Xylylamino)-2-methyl-4,6-diphenll-pyridinium iodide. 
(a) 2,4-di-Methyl-diazobenzene sodium sulphonate. 
(c.f. Altschuh, ~· £2, 1843) 
17•5g. 1,3,4-Xylidine were dissolved in 
150cc. water and 34cc. concentrated hydrochloric acid 
stirred in slowly. The finely divided hydrochloride 
thus formed was carefully diazotised with a solution 
of llg. sodium nitrite in 80g. water and afterwards 
poured into a solution of 80g. crystalline sodium 
sulphite in 320g. water and 24g. 35% NaOH, cooled 
directly with lOOg. ice. Tbe diazosulphonic acid 
169. 
salt was precipitated as sulphur-yellow crystals. 
These were filtered off and a further yield obtained by 
salting out from the filtrate. The precipitate was 
washed with salt solution and water and was then prac-
tically pure. Recrystallisation from a little water 
gave fine yellow leaflets·• Yield: 30g. 
(b) 2,4-di-Methyl-phenylhydrazine sodium sulphonate. 
30g. of the above were dissolved in 165g. hot 
water, filtered hot and treated with 16•5g. glacial 
acetic acid. The solution was then decolourised by 
the gradual addition of about 16•5g. zinc dust, boiled 
for a few minutes and filtered. To the colourless 
filtrate 165cc. of saturated salt solution were added, 
thus bringing about a rapid cooling and preventing 
back-oxidation. On cooling, the precipitate was 
filtered, washed with alcohol and dried on a porous 
plate. Small colourless prisms. Yield: 2lg. 
(c) 2,4-di-Methyl-phenylhydrazine hydrochloride. 
The sulphonate was decomposed with concentrated 
aqueous hydrochloric acid. From 2lg. of the sodium 
sulphonate only 8•5g. of the hydrochloride were obtained. 
White prisms, m.p. 183°. 
170. 
(d) 2,4-di-Methyl-phenylhydrazine. 
8•5g. of the hydrochloride were warmed with 
15cc. NaOH solution (1:3) on the waterbath till the salt 
was completely decomposed and the free hydrazine had 
separated as an oily layer. On quick cooling this 
solidified to crystal clusters which were powdered and 
washed with water and ether. \Vhite crystals were ob-
tained, m.p. 86°. Weight, 5g. 
(e) N-(2,4-Xylylamino)-2-methyl-4,6-diphenyl-
pyridinium iodide. 
11•5g. 2-Methyl-4,6-diphenyl-pyrylium iodide 
were suspended in about lOOcc. boiling benzene and a 
solution of 5g. 2,4-xylylhydrazine in benzene added 
drop by drop. After half an hour the product was 
completely yellow in colour. After cooling, the new 
iodide was filtered, washed with benzene and dried. 
Yield: 14•6g. 0 m.p. 142 • The substance was fairly 
pure but could not be recrystallised owing to decom-
position. (see later). 
Analysis: 
Found:- c. H. 
c. H. 
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(f) IntraTolecular change. Formation of 2-(3' ,5' di-
methyl-2'-aminobenz~l)-4 2 6-diphenyl pyridine. 
5g. of the above iodide were treated with a 
boiling mixture of 500cc. alcohol and 25cc. 2!. sodium 
hydroxide. After boiling for half an hour the solution 
was dark red in colour. It was cleared to light yellow 
as before by addition of some zinc dust, filtered while 
hot and allowed to cool. The product came down as 
beautiful long white needles, m.p. 164°. (1•3g.). 
After two recrystall1sations from alcohol the substance 
had rn.p. 166° and was completely pure. 
Analysis·~- 5•206mg. gave 16.325mg. C02 and 2•950mg. H20. 
Found:- C. 85•52%, H. 6•34%. 
Calc. for c26H24N2:- C. 85•71%, H. 6•59%. 
Colour of anhydrobase. 
(a) In ethyl alcohol 
(b) In methyl alcohol 
corn-flower blue. 
ultramarine blue. 
Measurement of velocity of intramolecular change. 
1/2,000 Mol. (0•246g.) N-(2,4-xylylamino)-2-methyl-
4,6-diphenyl-pyridinium iodide in 20cc. alcohol + lee. 
2N. NaOH. 
(a) Time in ethyl alcohol 
(b) Time in methyl alcohol 
minutes. 
minutes. 
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(g) Indazole derivative. 2-{5'J7' di-methyl-3' 
indazolo)-4,6-diphenyl-pyridine. 
0•5g. of the above product was dissolved in 
5cc. hot glacial acetic acid and lOcc. sulphuric acid 
(1:5) added. The solution was well cooled and diazot-
ised with 1•5cc. N sodium nitrite solution. After 
standing overnight the yellow crystals were filtered 
and washed with water. Yield: 0•5g. m.p. 218-220°. 
Three recrystallisations from toluol with addition of 
norit ga.ve fine white needles. m.p. 258°. 
Analysis:- 5•328mg. gave 16•260mg. C02 and 2•600mg. 
Found:- c. 83•23%' H. 5•46%. 
Cs.lc. for C26H21N3:- c. 83•21%, H. 5•60%. 
H20. 
N-(2,3-Xylylamino)-2-methyl-4,6-diphenyl-pyridinium iodide. 
(a) 2,3 di-Methyl-diazobenzene sodium sulphonate. 
5g. ortho-xylidine (1,2,3) were dissolved in 
43g. water and lOcc. concentrated hydrochloric acid 
added. After diazotising with a solution of 3e2g. 
,. 
sodium nitrite in 20cc. water, the clear solution was 
poured into a solution of 23g. crystalline sodium 
sulphite in 92g. of water and 7g. 40% sodium hydroxide, 
cooled directly with 30g. ice. The sulphonate was 
salted out as before. Yellow leaflets. Yield: 13•3g. 
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(b) 2,3-di-Methyl-phenylhydrazine sodium sulphonate. 
13g. of the above were dissolved in 60cc. hot 
water and filtered hot. 7•5g. of glacial acetic acid 
were added and the diazo-compound reduced with 7•5g. 
zinc dust. After boiling for a short time and filter-
ing, lOOcc. saturated salt solution were added. On 
cooling, white crystals were obtained. Yield: 10•6g. 
(c) 2,3-di-Methyl-phenylhydrazine hydrochloride. 
lOg. of the sodium sulphonate were dissolved 
in 60cc. hot water and decomposed with 80cc. concen-
trated hydrochloric acid. The white crystals deposi-
ted on cooling were filtered and washed with a little 
water. (7•8g.). Recrystallisation from alcohol gave 
white leaflets, m.p. 208° under decomposition. 
(d) 2,3-di-Methyl-phenylhydrazine. 
On dissolving the hydrochloride in a little 
hot water and treating with excess concentrated sodium 
hydroxide solution, the hydrazine was liberated as an 
oil, which crystallised on cooling. The crystals 
were filtered off and washed with a little water. 
Recrystallisation from alcohol gave colourless needles, 
m.p. 108°. Weight: 3•7g. 
174. 
(e) N-(2,3-Xllylamino)-~-methyl-~,6-diphenyl-
pyridinium iodide. 
5•7g. Pyrylium iodide in boiling benzene were 
treated with a solution of the above hydrazine in 
benzene, the hydrazine solution being added drop by 
drop. After two hours refluxing the red iodide was 
completely decomposed. The pyridinium iodide was 
filtered cold, washed with benzene and dried. 
Weight: 6•5g. 0 m.p. 155 • Two recrystallisations 
from alcohol gave yellow leaflets, m.p. 157°. 
Analysis: 
Found:- c. 63•37% I H. 5•12%. 
Calc. for C26H25N2I:- c. 63•42%, H. 5•08%. 
(f) Intramolecular change. Formation of 2-L2' a4'-
di-methyl-2'-aminobenzyl)-4,6-diphenyl·pyridine. 
5g. of the above pyridinium iodide were treated 
with a mixture of 125cc. alcohol and lOcc. 10% sodium 
hydroxide solution. The whole was refluxed for about 
30 minutes, a little zinc dust added and refluxing 
continued for a few minutes till the colour was pale 
yellow. On standing overnight, the liquid deposited 
crystals (2g.) which were filtered off and washed with 
a little alcohol. Two recrystallisations from alcohol 
0 gave very fine, white needles, m.p. 144•5 . 
175. 
Analysis:- 4•823mg. gave 15•155mg. C02 and 2•890mg. H20. 
Found:- c. 85 •68%' H. 6 •66%. 
Calc. for C26H24N2:- c. 85 •71%' H. 6 •59%. 
Colour of anhydrobase 
indigo-blue. (a} In ethyl alcohol 
(b) In methyl alcohol blue tinged with violet. 
Measurement of velocity of intramolecular change. 
1/2,000 Mol. {0•246g.) N-(2,3-xylylamino)-2-methyl-
4,6-diphenyl-pyridinium iodide in 20cc. alcohol + lee. 
2!:!. NaOH. 
(a) Time in ethyl alcohol 
(b) Time in methyl alcohol 
4 minutes. 
15•33 minutes. 
N-(2,5-Xylylamino)-2-methyl-4,6-diphenyl-Qyridinium iodide. 
(a) £,5-di-Methyl-diazobenzene sodium sulphonate. 
17·5g. p-Xylidine (1,4,2) were dissolved in 
150cc. water and 34cc. concentrated hydrocholoric acid 
added with constant stirring. The finely suspended 
hydrochloride was then diazotised with a solution of 
llg. of sodium nitrite in 80cc. water. The clear 
solution was poured into a solution of 80g. crystalline 
sodium sulphite in 320g. water and 24g. of 35% sodium 
hydroxide, cooled directly with lOOg. ice. The 
176. 
sulphonic acid salt was obtained by salting out. 
Yield: 34•5g. 
(b) 2,5-di-Methyl-phenylhydrazine sodium sulphonate. 
34g. of the above were dissolved in 120cc. hot 
water and filtered while hot. The yellowish-red fil-
trate was decolourised by 18g. of glacial acetic acid 
and 18g. zinc dust. The clear solution was filtered 
hot and treated with 120cc. saturated salt solution. 
On cooling, 19•7g. of the hydrazine derivative were 
obtained. 
(c) 2,5-di-Methyl-phenylhydrazine hydrochloride. 
19•7g. of the above salt were dissolved in 
50cc. hot water and 75cc. concentrated hydrochloric 
acid added. On cooling, the hydrochloride came down 
as beautiful white needles. Yield: 15•5g. Recrys-
tallisation from a little water gave small needles, 
2060. m.p. 
(d) 2,5-di-Methyl-phenylhydrazine. 
?g. of the hydrochloride were dissolved in the 
minimum amount of hot water and treated with concentra-
ted sodium hydroxide solution (1:3) until strongly 
alkaline. On cooling, the free hydrazine was obtained 
0 in the form of fine colourless crystals, m.p. 74 • 
177. 
(e) N-(2,5-Xylylamino)-2-methyl-4,6-diphenyl-
pyridinium io~. 
5g. of pyrylium iodide, suspended in boiling 
benzene, were treated, drop by drop, with a solution 
of 3g. of the above hydrazine in benzene. After all 
the hydrazine solution had been added, the mixture was 
refluxed for half an hour until the product was com-
pletely yellow in colour. On allowing to coo~ the 
pyridinium iodi.de was filtered, washed with benzene 
and dried. Weight: 6·lg. m.p. 151°. Recrystal-
lisation from alcohol gave yellow needles, m.p. 153°. 
The substance was very sensitive to light and darkened 
rapidly on standing exposed to day-light. 
Analysis: 
Found:-
Calc. for C26H25N2I:-
c. 
c. 
63•12%' 
63•42%' 
H. 
H. 
5•01%. 
s•o8%. 
(f) Intramolecular change. Formation of ?-~2' 16'-
di-methyl-21-amino-benz~l)-4,6-diphenyl-pyridin~. 
Sg. of the above pyridinium iodide were 
treated with a mixture of 125cc. alcohol and lOcc. 10% 
sodium hydroxide solution. 1l'he violet-blue solution 
so obtained was refluxed for half an hour, when the 
colour was reddish-yellow. Treatment with zinc dust 
further reduced this to pale yellow. On cooling and 
178. 
filtering, the filtrate deposited fine needles after 
standing overnight in the ice-chamber. Recrystal-
lisat1on from alcohol gave very fine whjte needles, 
m.p. 154• 5". 
Analysis:- 4•773mg. gave 14•985mg. C02 and 2•830mg. H2o. 
Found:- c. 85•64%, H. 6•59%. 
c. 
Colour of anhydrobase. 
(a) In ethyl alcohol 
{b) In methyl alc0hol 
H. 
indigo-blue 
blue tinged with violet. 
Measurement of velocity of intramolecular change. 
1/2,000 Mol. N-(2,5-xylylamino)-2-methyl-4,6-diphenyl-
pyridinium iodide in 20cc. alcohol + lee. 2N. NaOH. 
(a) Time in ethyl alcohol 5 minutes. 
(b) Time in methyl alcohol 19•75 minutes. 
N-(3,5-Xylylamino)-2-methyl-A,6-di2henyl-pyridinium iodide. 
(a) 3,5-di-Methyl-diazobenzene sodium sulphonate. 
lOg. of symmetrical meta-xylidine (1,3,5) were 
dissolved in 86g. water and 20cc. of concentrated hydro-
chloric acid stirred in. The resulting suspension of 
the hydrochloride was diazotised with a solution of 6•5g. 
sodium nitrite in 40cc. water and the clear liquid poured 
179. 
into a mixture of 46g. hydrated sodium sulphite in· 
184g. water and 14g. 35% sodium hydroxide, cooled 
directly with 50g. of ice. The resulting sulphonate 
was salted out. Yield: 26g. 
(b) 3,5-di-Methyl-phenylhydrazine sodium sulphonate. 
26g. of the above were dissolved in 90cc. hot 
water and filtered. The filtrate was reduced with 
14g. of glacial acetic acid and 14g. zinc dust. A 
further 50cc. of hot water was added to the colourless 
solution to aid filtration and the filtrate treated 
with 200cc. of saturated salt solution. Yield of 
hydrazine salt was 13•5g. 
(c) 3,5-di-Methyl-phenylhydrazine hydrochloride. 
This hydrazine salt was dissolved in 60cc. of 
hot water and lOOcc. of concentrated hydrochloric acid 
added. On cooling, white crystals of the hydrochloride 
were obtained. Recrystallisation from water gave small 
prisms, which showed no definite melting point, decom-
i d 1300. pes ng aroun 
(d) 3,5-di-Methyl-phenylhydrazine. 
3g. of the hydrochloride were dissolved in a 
minimum of hot water and rendered alkaline with concen-
trated sodium hydroxide solution. On cooling, crystals 
180. 
of free hydrazine were obtained. 
79g. m.p. 
(e) N-(3,5-Xylylamino)-2-methyl-4,6-diphenyl-
Pyridin1um iodide. 
1·2g. of the above hydrazine were dissolved in 
benzene and added, drop by drop, to a suspension of 2g. 
pyrylium iodide in boiling benzene. Refluxing was 
continued till the colour of the product was completely 
yellow. After cooling the new iodide was filtered, 
washed with benzene and dried. It had m.p. 180°. 
Recrystallisation from alcohol gave yellow pd.sms, 
0 
m.p. 191 • Weight: 1•5g. 
Analysis: 
Found:- c. H. 
c. H. 
(f) Intramolecular change. Formation of 2-(4 1 ,6'-
di-methyl-2'-aminobenzyl)-4,6-diphenyl-pyridine. 
o.sg. of the quaternary iodide was treated 
with a boiling mixture of 20cc. alcohol and lee. 2! • 
• 
sodium hydroxide and refluxed for half an hour. The 
solution was then light brown in colour. The reddish-
brown crystals which separated on cooling were filtered 
and recrystallised twice from alcohol. 
needles were obtained, m.p. 162°. 
Fine white 
181. 
Analysis:- 4•763mg. gave 14•915mg. C02 and 2 o850mg. H20. 
Found:- c. 85•42%' H. 6•65%. 
Calc. for 0 26H24N2:- c. 85•71%' H. 6•59%. 
violet-blue. 
Colour of anhydrobase. 
(a) In ethyl alcohol 
(b) In methyl alcohol violet tinged with blue. 
Measurement of velocity of lnt~amolecular change. 
l/2,0CO Mol. (0•246g.} N-(3,5-xylylamino)-2-methyl-
4,6-diphenyl-pyridinium iodide in 20cc. alcohol + lee. 
2!!. NaOH. 
(a) Time in ethyl alcohol 
(b) Time in methyl alcohol 
19 
77•5 
minutes. 
minutes. 
N-(2,4,5-tri-Methyl-phenyl-amino)-2-methyl-4,6-diphenyl-
pyridinium iodide. 
(a) 2,4,5-tri-Methyl-diazobenzene sodium sulphonate. 
19•5g. of pseudo-cumidine were dissolved in 
150g. water and 34cc. concentrated hydrochloric acid 
added. The resulting suspension was diazotised with 
llg. sodium nitrite in 80g. water and the clear solu-
tion then poured into a mixture of 80g. hydrated sodium 
sulphite in 320g. water and 24g. 35% sodium hydroxide, 
cooled directly with lOOg. ice. The sulphonate was 
salted out. Yield: 32g. 
182. 
(b) 2,4,5-tri-Methyl-phenylhydrazine sodium sulphonate. 
32g. of the diazo-salt were dissolved in 150cc. 
hot water and the filtered solution reduced by means of 
l?g. glacial acetic acid and l?g. zinc dust. The resi-
dual zinc was removed by filtration and the filtrate 
treated with 200cc. saturated salt solution. Yield: 30g. 
(c) 2,4,5-tri-Methyl-phenylhydrazine hydrochloride. 
The above was dissolved in 150cc. of water and 
an equal quantity of concentrated hydrochloric acid 
added. On cooling, the brownish-white product was 
filtered off. Weight: 13•5g. 
(d) 2,4,5-tri-Methyl-phenylhydrazine. 
5g. of the hydrochloride, dissolved in hot 
water, were boiled with norit and filtered. The fil-
trate was made alkaline with concentrated sodium hydro-
xide solution (1:3). On cooling, the preci~itated 
hydrazine was filtered, washed with water and dried. 
Weight: 3g. 
0 Colourless needles, m.p. 120 • 
(e) N-{2,4,5-tri-Methyl-phenyl-amino)-2-methyl-4,6-
diphenyl-pyridinium iodide. 
4g. of pyrylium iodide and 2•5g. of the above 
hydrazine were refluxed in benzene for an hour. The 
product, which was completely yellow in colour, was 
183. 
filtered in the cold, washed with benzene and dried. 
Weight: 5g., small needles, m.p. 128°. The iodide 
could not be recrystallised as it decomposed on 
heating in alcohol giving 2-methyl-4,6-diphenyl-
pyridine, (see later). 
Analysis: 
Found:- c. 
c. 
64•90%, 
64•02% J 
H. 
H. 
(f) Intramolecular change. Formation of 2-(3' ,5' ,6'-
tri-methyl-2'-amino-benzyl)-4,6-diphenyl-pyridine. 
3g. of the pyridinium iodide were treated with 
a hot solutlon of 75cc. alcohol and 6cc. 10% sodium 
hydroxide. After boiling for a few minutes the blue 
colouration first produced gave way to a light brown 
colour. On cooling, lg. of crude product was obtained, 
m.p. 164°. Two recrystallisations from alcohol gave 
0 
very fine, small, white needles, m.p. 166 • 
Anal;z:sis:- 4•910mg. gave 15•415mg. C02 and 
Found:- c. 85•7%, H. 
Calc. for C27H26N2:- c. 85•7%, H. 
Colour of anhydrobase. 
(a) In ethyl alcohol pure blue. 
(b) In methyl alcohol blue. 
3•060mg. H20• 
6•89%. 
6 •88%. 
Measurement of velocity of intramolecular change. 
1/2,000 Mol. (0•253g.) N-(2,4,5-tri-methyl-phenyl-
amino)-2-methyl-4,6-diphenyl-pyridinium iodide in 
20cc. alcohol + lee. 2N. NaOH. 
(a) Time in ethyl alcohol 1•3 minutes. 
(b) 'l'1.me in methyl alcohol 4•8 minutes. 
Decomposition of N-(2,4-xylylamino)-2-methyl-4,6-
diphenyl-pyridinium iodide and N-(2,4~5-tri-methyl= 
phenyl-amino)-2-methyl-A,6-dipheny!-pyridinium iodide 
on attempted recrystallisation. 
When an attempt was made to recrystallise 
N-(2,4,5-tri-methyl-phenyl-amino)-2-methyl-4,6-
diphenyl-pyridinium iodide from alcohol, the yellow 
solution became dark red in colour (iodine) and a 
test with alkali gave no blue colouration. The solu-
tion was accordingly rendered alkaline with sodium 
hydroxide and the alcohol distilled off in steam, when 
an oily substance separated. This sticky material was 
di seol ved in alcohol and treated in the heat with an 
alcoholic solution of picric acid. On allowing to 
0 
cool, long yellow prisms separated out, m.p. 209 • 
Recrystallisation from alcohol gave beautiful yellow 
0 prisms, m.p. 213 • The melting point corresponds to 
185. 
that of the picrate of 2-methyl-4,6-diphenyl-pyridine. 
(c.f. Beilstein. E 11 rstes Erganzungswerk, Bd. XX/XXII, 
p. 180). 
Attempts to recrystallise the quaternary 
iodide from other solvents were equally unsuccessful. 
Glacial acetic acid and acidified alcoholic solutions 
were also tried. With alcohol and perchloric acid a 
perchlorate was obtained, m.p. 197-8°. 
N-(2,4-Xylylamino)-2-methyl-4,6-diphenyl-
pyridinium iodide was found to decompose in a similar 
manner on heating in alcohol, the solution again be-
coming reddish in colour. On evaporating to small 
0 bulk, crystals came down on cooling, m.p. 205 • 
These were shown to contain iodine in ionic form. 
The substance was fairly insoluble in cold water, but 
dissolved readily on heating. Recrystallisation from 
0 alcohol gave yellowish-white needles, m.p. 210 , Which 
became yellow on standing for some time exposed to 
light. This substance appeared to be the hydriodide 
of 2-methyl-4,6-diphenyl-pyridine. 
Isolation of 2-methyl-4,6-diphenyl-pyridine. 
The hydriodide was dissolved in a little hot 
water and the solution made alkaline with sodium 
hydroxide. A white powder, practically insoluble in 
water, was obtained. This was recrystallised from 
186. 
ligroin and gave m.p. 72-73°. 
[2] 2_4, 74). 
Perchlora te. 
(c.f. Dilthey, ~· ~· 
Treatment of this 2-methyl-4,6-diphenyl-
pyridine with perch1oric acid in alcohol gave a per-
ch1orate, m.p. 197-8°, identical with that obtained 
above from N-(2,4,5-tri-methyl-phenyl-amino)-2-methyl-
4,6-diphenyl-pyridinium iodide. 
N-(p-Chlorophenylamino)-2-methyl-4,6-diphenyl-
pyridinium iodide. 
(a) p-Ch1orophenyl hydrazine. 
(1) p-Chloro-diazobenzene sodium sulphonate. 
5g. p-Chloro-aniline were dissolved in 38cc. of 
water and 8•4cc. concentrated hydrochloric acid and di-
azotised with a solution of 3g. sodium nitrite in 20cc. 
of water. The clear solution was then poured into a 
mixture of 20g. crystalline sodium sulphite in 80cc. of 
water and 6g. 35% sodium hydroxide, cooled directly with 
25g. ice. On addition of approximately the same volume 
of saturated salt solution, the diazo-salt was obtained 
as a sulphur-yellow precipitate of fine leaflets. The 
product, after washing with salt solution and water and 
drying, weighed 9•5g. 
(2) P-Chloro-phenylhydrazine sodium sulphonate. 
9·5g. of the diazo-salt were dissolved in 
60cc. hot water and rapidly filtered. The reddish-
yellow filtrate was reduced to a colourless liquid 
with 5g. glacial acetic acid and 5g. zinc dust. 'l'he 
reduced solution was filtered hot and 60cc. saturated 
salt solution added. On cooling white crystals of 
the hydrazine sodium sulphonate were obtained. 
were filtered off, washed with water and dried. 
Beautiful prisms, weight 7•6g. 
( 3) p-Chloro-phenylhydrazine hydrochlorj_de. 
These 
7•6g. of the above were dissolved in 76cc. hot 
water and 80cc. concentrated hydrochloric acid added to 
the hot solution. On cooling, the hydrochloride was 
obtained as almost pure white crystals. These were 
filtered off and washed wtth a little dilute hydro-
chloric acid. Yield: 5•5g. 
(4) E-Chloro-ph~ylhydrazine. 
5g. Hydrochloride were dissolved by heating in 
the minimum amount of water and a 10% sodium hydroxide 
solution added, drop by drop, till the liquid became 
alkaline. On cooling, the free hydrazine solidified 
to small pellets. These were filtered off, well 
uowdered washed with water and dried between filter-
" , 
188. 
paper. Weight: 3•3g. Recrystallisation from a 
little hot water gave needle 83~ a, m.p. • 
(b) N-(p-Chloro-~henylam1no)-2-methl!=4,6-diQhenyl­
pyridinium iodide. 
5g. Pyrylium iodide were mixed with 3g. 
p-chloro-phenylhydrazine and about 60cc. benzene added. 
The whole was refluxed on a waterbath till the compact 
crystals formed were completely yellow in colour. On 
allowing to cool, the new iodide was filtered, washed 
with benzene and dried. Yield: 6g. m.p. 181°. 
After three recrystallisations from alcohol beautifUl 
yellow prisms, m.p. 189°, were obtained. The sub-
stance was fairly sensitive to light. 
Analysis:- 5•354mg. gave 11•345mg. C02 and l•990mg. H20. 
Found:- c. 57 •92%' H. 4·17%. 
Gale. for 024H20N2I:- c. 57•8%' H. 4•01%. 
(c) Intramolecular change. Formation of 2-(2'-chloro-
6'-amino-benzyl)-4t6-diphenyl-pyr1dine. 
2g. of the above pyr1dinium iodide were dis-
solved in 50cc. hot alcohol and 5cc. 2N. sodium hydrox:tde 
solution added. The red-violet solution was refluxed 
for three hours on the waterbath a.nd the resulting 
reddish-yellow colour reduced to light yellow by reflux-
ing for a further ten minutes with a little zinc dust. 
The liquid was then filtered and allowed to cool when 
yellow-red crystals separated. ~nese were washed with 
alcohol and dried. Weight: 0·9g. 0 m.p. 152 • Four 
recrystall1sat1ons from alcohol with addition of norit 
gave beautiful white needles, m.p. 167°. 
Analysis:- 5•237mg. gave 14•940mg. C02 and 2•440mg. H2o. 
Found:- c. 
c. 
(d) Indazole Derivative. 
4,6-diphenyl pyrid1ne. 
H. 
77•74%, H. 
2-[3'-(5'-chloro)-indazoloJ= 
O•Sg. of the above product was dissolved 1n 
5cc. hot glacial acetic acid and lOco. sulphuric acid 
(1:5) added. The clear yellow solution was cooled in 
ice and diazotised with 1•5cc. N sodium nitrite. After 
standing overnight the yellow product was filtered and 
recrystallised from alcohol, in which it was not very 
soluble. The small, slightly yellow needles obtained 
h d 2730. a. m .p. Weight: 0•4g. After three recrystal-
lisations from toluene, with the help of norit, fine 
0 
white needles were isolated, m.u. 273 • 
Analysis:- 4•749mg. gave 13•195mg. C02 and 1•820mg. H20. 
Found:- c. 
c. 
75•77%, H. 
H. 
4•26%. 
4•19%. 
190. 
Colour of anhydrobase. 
(a) In ethyl alcohol 
(b) In methyl alcohol 
violet tinged with red. 
red tinged with violet. 
Measurement of velocity of intramolecular change. 
1/2,000 Mol. (0•2493g.) N-(p-chloro-phenylamit).o)-2-
methyl-4,6-diphenyl-pyridinium iodide in 20cc. alcohol 
+ 1 cc • 2N • N aOH • 
Time in ethyl alcohol 95 minutes. 
N-(meta-Chloro-phenylamino)-2-methyl-4,6-diphenyl-
2Yridinium iodide. 
(a) m-Chloro-phenylhydrazine. 
(1) m-Chloro-diazobenzene sodium sul2honate. 
5g. m-Chloroaniline were poured into 38cc. of 
water and 8•Acc. concentrated hydrochloric acid added 
slowly. The fine suspension of hydrochloride so ob-
tained was diazotised with a solution of 3g. sodium 
sulphite in 20cc. water. The clear diazotised solu-
tion was then poured into a mixture of 20g. crystalline 
sodium sulphite in 80g. water and 6g. 35% sodium hydrox-
ide, cooled directly with 25g. ice. The sulphonate 
came out only on addition of saturated salt solution. 
This was filtered off, washed with salt solution and 
dried on a porous plate. Weight: 9g. 
191. 
(2) m-Chloro-phenylhydrazine sodium sulphonate. 
9g. of the dried diazo-salt were dissolved in 
60cc. hot water and rapidly filtered. 5g. glacial 
acetic acid were then added to the yellow filtrate and 
the solution decolourised by gradual addition of Sg. 
zinc dust. The reduced solution was filtered hot and 
70cc. concentrated salt solution added to the filtrate. 
On allowing to cool, white crystals were obtained. 
Weight: 8g. 
(3) m-Chloro-phenylhydrazine hydrochloride. 
8g. of the hydrazine sulphonate were dissolved 
in 50 cc. hot we.ter and 60cc. concentrated hydrochloric 
acid added. On cooling, m-chloro-phenylhydrazine hydro-
chloride came down in the form of white needles. After 
filtering and washing with a little dilute hydrochloric 
acid, the product was dried on a porous plate. Yield: 
5g. The compound was recrystallised from water and 
0 hydrochloric acid and gave beautiful needles, m.p. 235 • 
{4) m-Chloro-phenylhydrazine. 
5g. of the hydrochloride were dissolved in a 
little hot water and treated with caustic soda solution 
(1:3) till the liquid was strongly alkaline. The oil 
which separated was extracted with benzene, the benzene 
solution washed twice with water and dried over anhydrous 
192. 
sodium sulphate. The benzene solution of free m-chloro-
phenylhydrazine thus obtained was used immediately for 
the next stage. 
(b) N-(m-Chloro-phenylamino)-2-methyl-4,6-diphenyl-
pyridinium iodide. 
Sg. of red pyrylium iodide were suspended in 
about 60cc. of boiling benzene and the above benzene 
solution of m-chloro-phenylhydrazine allowed to drop in 
slowly. The red iodide changed gradua.lly into the 
yellow pyridtnium iodide. Refluxing was continued 
until the product was completely yellow in colour. On 
allowing to cool, the solid was filtered, washed thor-
oughly wi.th benzene and dried. Weight: 5•8g. m.p. 187°. 
It was obtained completely pure after two recrystallisa-
tions from alcohol, in the form of beautiful large yellow 
prisms, m.p., 191". 
Analysis:- 5•208mg. gave ll•030mg. C02 and l•910mg. H20• 
Found:- C. 57•78%, H. 4•10%. 
Calc. for c24H2o N2Cli:- C. 57•8%. H. 4•01%. 
{c) Intramolecular change. Formation of 2-~3'-chloro-
5'-amino-benzyl)-4,6-diphenyl-pyridine. 
lg. N-{m-Chloro-phenylamino)-2-methyl-4,6-
diphenyl-pyridinium iodide was dissolved in 35cc. alcohol 
and 2•5cc. 2!!• sodium hydroxide solutton added. The 
violet-red solution was boiled for seven hours on the 
waterbath under reflux. On cooling, the reddish-brown 
product was filtered and washed with water. Weight 
was 0•5g., m.p. 165-7°. The substance was fairly 
insoluble in alcohol and came out again only after 
evaporating down to some half the volume. Three re-
crystallisattons with the help or norit gave fine white 
1 1770. pr SIDS 1 ID •P • 
Analysis: 
Found:- C. 
Colour of anhydrobase. 
(a) In ethyl alcohol 
(b) In methyl alcohol 
77•9%, 
77•74%, 
H. 
H. 
red, with violet tinge. 
carmine-red. 
Measurement of velocity of, intramolecular change. 
1/2,000 Mol. (0•2493g.) N-(m-chloro-phenylamino)-2-
methyl-4,6-diphenyl-pyridinium iodide in 20cc. alcohol 
+ lee. 2N. NaOH. 
Time in ethyl alcohol 370 minutes. 
194. 
N-(ortho-Chloro-phenylamino)-2-methyl-4,6-diphenyl-
uyridinium iodide. 
(a) ortho-Chloro-phenylhydrazine. 
(1) o-Chloro-diazo-benzene sodium sulphonate. 
lOg. o-Chloro-aniline were treated with 76g. 
water and l7cc. concentrated hydrochloric acid. The 
resulting suspension of the hydrochloride was diazotised 
with through cooling by a solution of 6g. sodium nitrite 
in 40cc. water. The clear diazotised solution was 
poured into a mixture of 40g. crystalline sodium sulphite 
in 160g. water and 12g. 35% sodium hydroxide, cooled di-
rectly by means of 50g. ice. The sulphur-yellow preci-
pitate of the diazo-sodium sulphonate appeared only slowly 
after addition of approximately an equal volume of satu-
rated salt solution. Yield was only 14g. 
(2) o-Chloro-phenylhydrazine sodium sulphonate. 
14g. of the above were dissolved in 90cc. hot 
water and the yellowish-red solution filtered and reduced 
by means of 7g. glacial acetic acid and 7g. zinc dust. 
The clear solut i_on was then filtered hot and treated with 
120cc. saturated salt solution. On cooling, the hydra-
zine sodium sulphonate came down as a white mass of crys-
tals. These were filtered, washed with salt solution 
and dried. Yield: lOg. 
195. 
{3) o-Chloro-phenylhydrazin~-~ydrochloride. 
lOg. of this hydrazine salt were dissolved in 
30cc. hot water and 30cc. concentrated hydrochloric acid 
added. In the cold the hydrazine hydrochloride came 
down as shining leaflets. Weight: 7•8g. Recrystal-
lisation from water and hydrochloric acid gave needles, 
0 
m.p. 190 under decomposition. 
(4) o-Chloro-nhen~lhydrazine. 
4g. of this hydrochloride were dissolved in a 
minimum of hot water and a concentrated solution of 
ammonia added, drop by drop, until the liquid was defi-
ni tely alkaline. An emulsion was obtained which depo-
sited white leaflets of the free hydrazine on cooling. 
These were filtered, washed thoroughly with water and 
quicirly dried between fil ter-pa.per. Weight: 2•2g. 
Recrystallisation from a little water gave lovely 
leaflets, m.p. 47-8~. 
(b) N-(o-Chloro-phenylamino)-2-methll-4 26-diphenll-
pyridinium iodide. 
4g. of pyrylium iodide, suspended in boiling 
benzene, were treated with a solution of the above 
hydrazine in benzene, dropped in slowly from a dropping-
funnel. Refluxing was continued till the red iodide 
had completely disappeared and the product was completely 
196. 
yellow. This was then filtered off in the cold and 
washed thoroughly with benzene. The yield of crude 
product was Sg., m.p. 193°. Two recrystallisations 
from alcohol gave beautiful yellow prisms, m.p. 195w. 
Analysis:- 5•014mg. gave 10•655mg. co2 , l•930mg. H2o 
and a residue 0•007 mg. 
Found:-
(c) Intramolecular change. 
c. 
c. 
H. 
H. 
Formation of 2-(4'-chloro-
5'-amino-benzyl)-4,6-diphenyl-pyridine. 
2g. li-(o-Chloro-phenylamino)-2-methyl-4,6-
diphenyl-pyridinium iodide were dissolved in 50cc. hot 
alcohol and Sec. 2N. sodium hydroxide soluti.on added. 
The red-violet solution was refluxed for about two hours 
on the waterbath, then for so long with zinc dust until 
the colour was light-yellow. The solution was then 
filtered and allowed to stand overnight in the ice-
chamber. The product was mainly crystalline. The 
super-natant liquid was decanted off, the brownish-red 
crystals being scraped out and dried on filter-paper. 
0 Weight: 0•7g., m.p. 106 • After four recrystallisations 
from alcohol, in which the substance was fairly soluble, 
practically colourless prisms were obtained, m.p. 108°. 
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Analysis:- 5•084mg. gave 14•500mg. co2 , 2•470mg. H2o 
and 0•007mg. residue. 
Found:-
Colour of anhydrobase. 
(a) 
(b) 
In ethyl alcohol 
In methyl alcohol 
c. 
c. 
77•77%, 
77•74%, 
H. 
H. 
violet-red. 
wine-red. 
Measurement of veloci ti of intramolecular cha~. 
1/2,000 Mol. (0•2493g.) N-(o-chloro-phenylamino)-2-
methyl-4,6-diphenyl-pyridinium iodide in 20cc. alcohol 
+ 1 cc • 2N • N aOH • 
Time in ethyl alcohol 36 minutes. 
(a) N-(p-Bromo-phenylamino)-2-methyl-4,6-diphenyl-
pyridinium iodide. 
The conversion into the pyridinium compound 
can be carried out in alcohol, benzene or glacial acetic 
acid solution. Benzene was used in this case. 
3g. of red pyrylium iodide were mixed with 
2•5g. P-bromo-phenylhydrazine (excess) and 60cc. benzene 
added. Upon warming on the waterbath the red iodide 
appeared to go into solution, the colour becoming dark 
red. From this solution, yellow crystals were gradually 
deposited. Heating was continued till the product was 
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completely yellow in colour. The yield of crude 
quaternary iodide amounted to 3•5g. The substance was 
purified by recrystallisation fro~ glacial acetic acid 
and alcohol. Heating too vigorously brought about 
deco~position. The product was obtained in the form 
of beautiful yellow needles, m.p. 199°. It was sol• 
uble with difficulty in alcohol and benzene, more 
easily, on the other hand, in glacial acetic acid, 
acetone and chloroform. 
(b) Intramolecular change. Formation of 2·(2 1 -bromo-
5'-amino-benzyl)-4,6-diphenyl-pyridine. 
3g. N-{p-Bromo-phenylamino)-2-methyl-4,6-
d\phenyl-pyridinium iodide were dissolved by boiling 
with 300cc. alcohol and 15cc. 2N. sodium hydroxide 
solution added. The red-violet solution was refluxed 
for five hours on the waterbath, after which time it was 
reddish-yellow in colour. After heating for a short 
time with a little zinc dust, the brownish-yellow solu-
tion was filtered and allowed to cool. 
brownish-red crystals separated. Concentration of the 
mother-liquid gave a further 0•5g. After several re-
crystallisations from alcohol with addition of norit, 
d 1650. fine, long, white needles were obtaine , m .p. 
Analysis:-
Found:-
199. 
4•992mg. gave 12•655mg. co2 and 1•990mg. H2o. 
C • 69 •1 7% , H. 4 • 58% • 
Calc. for C24Hl9N2Br:- c. 69 •39%, H. 4.43%. 
Colour of 
(a) In 
(b) In 
anh;t:drobase. 
ethyl alcohol 
methyl alcohol 
red-violet. 
wine-red, tinged with 
violet. 
Measurement of velocit;t: of intramolecular change. 
1/2,000 Mol. (0•2715g.) N-(p-bromo-phenylamino)-2-
methyl-4,6-diphenyl pyridinium iodide in 20cc. alcohol 
+ lee. 2~. NaOH. 
Time in ethyl alcohol 152 minutes. 
(c) Indazole derivative. 
4,6-dinhenyl-p;t:ridineo 
2-[3'-(5'-bromo)-indazolo]-
0•5g. of the above product was dissolved in 
5cc. hot glacial acetic acid and lOcc. sulphuric acid 
(1:5) added. The solution was cooled in ice below +5w 
and diazotised with a solution of 1•5cc. ~· sodium 
nitrite. On allowing the diazotised solution to stand 
overnight a yellow amorphous aubstance was obtained. 
This was dissolved in a minimum of hot alcohol, and, on 
allowing to cool, white needles of an indazole deriva-
tive were deposited. Recrystallisation from toluene 
0 gave very fine, white needles, m.p. 275 • 
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Analysis: 
Found:- c. 
Calc. for c24H16N3Br:- c. 
N-
(a) p-Iodo-phenylhydrazine. 
67•05%, 
67•61%, 
H. 
H. 
(1) p-Iodo-diazobenzene sodium sulphonate. 
de. 
8g. p-Iodo-aniline were stirred into 40cc. water 
and l?cc. concentrated hydrochloric acid and the resul-
ting suspension of the hydrochloride diazotised with a 
solution of 5•4g. sodium nitrite in 40cc. water. The 
clear diazotised solution was then poured into a mixture 
of 40g. crystalline sodium sulphite in 160g. water and 
12g. 35% sodium hydroxide, cooled directly with 50g. ice. 
The sulphonic acid salt was precipitated by the addition 
of about the same volume of saturated salt solution. 
It was filtered off, washed with salt solution and dried 
on a porous plate. Weight: 14g. 
(2) p-Iodo-phenylhydrazine hydrochloride. 
The diazo-salt proved to be fairly difficultly 
soluble in water. A hot, reddish-yellow aqueous solu-
tion was reduced with 5g. glacial acetic acid and 5g. 
of zinc dust and filtered hot. To a portion of the 
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filtrate saturated salt solution was added, but no preci-
pitate of hydrazine sodium sulphonate resulted. From 
this solution it was also found to be impossible to 
precipitate the hydrochloride by addition of concentrated 
hydrochloric acid. This only brought down sodium chlor-
ide. When the rest of the filtrate above was treated 
with concentrated hydrochloric acid directly, the required 
p-iodo-phenylhydrazine hydrochloride came dow~ on cooling, 
as a white mass of crystals. 'l'his was purified by solu-
tion in water and reprecipitation with concentrated hydro-
chloric acid. 
(3) u-Iodo-phenylhydrazine. 
2g. p-Iodo-phenylhydrazine hydrochloride were 
dissolved in a little warm water and concentrated sodium 
hydroxide solution added, drop by drop, till the solution 
was strongly alkaline. The free hydrazine obtained on 
cooling was filtered and washed thorougly with water. 
Yield: 1•2g. Recrystallisatton from a little water gave 
0 
white needles, m.p. 103 • 
(b) N-(p-Iodo-phenylamino)-2-methyl-4,6-diphenyl-
pyridinium iodide. 
1•5g. Pyrylium iodide wer~ mixed with 1•2g. 
p-iodo-phenylhydrazine and 30cc. of benzene added. 
The mixture was refluxed for four hours on a waterbath. 
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The whole went slowly into solution and yellow crystals 
were slowly deposited. After cooling, the yellow 
iodide was filtered, washed with benzene and dried. 
Yield: 1•7g. m.p. 168-9°. Three recrystallisations 
from alcohol gave fine, yellow needles, m.p. 185°. 
Analysis:- 4•895mg. gave 8•805mg. C02 and 1•750mg. H20. 
Found:- c. 49•06%, H. 3•97%. 
Calc. for 024H20N2I2:- c. 48•81%, H. 3•4 %. 
(c) Intramolecular change. Formation of 2-(2 1 -iodow 
2'-amino-benzyl)-41 6-diphenyl-pyridine. 
0•3g. N-(p-Iodo-phenylamino)-2-methyl-4,6~ 
d1phenyl-pyrid1nium iodide were dissolved in 20ce. 
boiling alcohol and lee. of 2li• sodium hydroxide solu-
tion added. The red-violet solution was refluxed for 
four hours on the waterbath. The decolourised solution 
deposited reddish-yellow crystals, m.p. 160-1°, on 
cooling. The weight of crude product was 0•15g. Three 
recrystallisations from alcohol with addition of norit 
0 gave almost white prisms, m.p. 164 • 
Analysis:- 4•286mg. gave 9•845mg. C02 , 1•720mg. H20 
and O•Ol2mg. residue. 
Found:- c. 62•64%, H. 4•46~. 
Calc. for C24Hl9N2I:- c. 62 •35%' H. 4•12%. 
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Colour of anhydrobase. 
(a) In ethyl alcohol 
(b) In methyl alcohol 
red-violet. 
wine-red, with violet 
tinge. 
Measurement of velocity of intramolecular change. 
1/2,000 Mol. (0•295g.) N,-(p-iodo-phenylamino)-2-
methyl-4,6-diphenyl-pyridinium iodide in 20cc. alcohol 
+ lee. 2N. NaOH. 
Time in ethyl alcohol 175 minutes. 
Attemnted formation of N-(2' ,6'-xylylamino)-2-methyl-
4,6-diphenyl-pyridinium iodide. 
(a} 2,6-di-Methyl-phenylhydrazine. 
(1) 2,6-di-Methyl-diazobenzene sodium sulphonate. 
17•5g. m-Xylidine {1,3,2) were mixed with 
165cc. water and 16•5g. concentrated hydrochloric acid 
added gradually. The fine crystalllne hydrochloride 
was diazotised with a solution of llg. sodium nitrite 
in BOg. water and the clear diazotised solution poured 
into a mixture of BOg. crystalline sodium sulphite in 
320g. water and 24g. 35% sodium hydroxide, cooled 
directly with lUOg. ice~ On salting out, 20g. of 
diazo-sodium sulphonate were obtained. 
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(2) 2,6-di-Methyl-phenylhydrazine hydrochloride. 
20g. of the above were dissolved in 70cc. of 
hot water and filtered. The filtrate was reduced with 
lOg. of glacial acetic acid and lOg. of zinc dust. The 
decolourised solution was filtered hot and treated with 
lOOcc. concentrated hydrochloric acid. On cooling, 
white needles of the hydrochloride were obtained. 
Yield: 8g. 
(3) 2,6-di-Methyl-phenylhydrazine. 
8g. of the hydrazine hydrochloride were dissol-
ved in a minimum of hot water and the solution made 
alkaline wtth concentrated ammonia solution. The oil 
Which separated solidified to starry crystals on cooling. 
These were filtered off, and washed thoroughly with 
water. Recrystallisation from a little low-boiling 
0 ligroin gave white, shining needles, m.p. 46 • 
Yield: 4•5g. 
{b) N-{2' ,6'-Xylylamino)-2-methyl-4,6-diphenyl-
pyridinium iodide. 
All attempts to prepare this substance by 
treatment of 2-methyl-4,6-diphenyl-pyrylium iodide with 
the above 2,6-di-methyl-phenylhydrazine were completely 
unsuccessful. Attempts were made in benzene, glacial 
acetic acid, alcoholic acetic acid, alcohol, ether and 
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alcohol-ether mixtures. It was concluded that the 
difficulty in condensation was possibly due to steric 
hindrance, or to a spontaneous decomposition of the 
primary condensation product. 
N-Methyl-nhenyl-amino-2-methyl-4,6-diphenyl-pyridinium 
o de. 
(CH3)(C6H5) 2C5H2N(I)N(CH3)(C6H5) 
(c. f. sUssengut_h. Dissertation, Jena, 1922). 
The conversion of pyrylium iodide with methyl-
phenylhydrazine went very badly in benzene. Part of the 
product went into solution and deposited small yellow 
needles on cooling, but the main amount remained as a 
dark-red sticky mass on the bottom of the flask. On 
the other hand, the conversion to the pyridinium com-
pound went easily in alcoholic solution. 
15g. red pyrylium iodide were heated with 
lOOcc. alcohol to boiling and 5g. methyl-phenylhydrazine 
in alcohol added slowly. The reaction mixture was then 
refluxed on the waterbath till all had gone into solu-
tion. The contents of the flask were allowed to cool 
and were set aside for twenty-four hours, when beautiful 
orange-yellow crystals, m.p. 167°, were found to have 
been deposited. Weight: 18g. The product was pure, 
since further recrystallisation failed to raise the 
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melting point. 
The pyridinium iodide was easily soluble in 
alcohol, chloroform, acetone and acetic acid. The 
action of sodium acetate and dilute sodium hydroxide 
gave a yellow flocculent precipitate. 
Attempted intramolecular change. 
hidrazide by hydrolysis. 
Formation of a beta-
(a) (c.f. Nitzche. Dissertation, Jena, 1924}. 
An alcoholic solut:ton of the above pyridinium 
iodide was treated with sodium hydroxide and the anhydro-
base which immediately separated allowed to stand for 
eome hours in contact with the solution. Part of the 
base resinified and settled as sticky lumps on the 
bottom of the flask. The remainder formed a substance, 
which came down in white needles. Recrystallisation 
from alcohol gave lovely, white needle-shaped crystals, 
1050. m.p • 
(b) A small amount, (2g.), of the iodide was dis-
solved in hot alcohol and lOco. 2li• sodium hydroxide 
added. 
., 
The mixture was refluxed\for three hours on the 
waterbath. The product was a sticky mass, similar to 
that described above. Recrystallisation from alcohol 
0 
gave beautiful, white, crystalline needles, m.p. 105 , 
the substance being identical to that isolated by Nitzcheo 
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Reformation of the quaternary iodide. 
When this substance was dissolved in dilute 
acetic acid and a few drops of potassium iodide solu-
tion added, the original pyridinium iodide, m.p. 167°, 
was again formed. 
Formation of a hydrazide hydrazone. 
An alcoholic solution of the same substance 
was boiled with a little glacial acetic acid and a few 
drops of phenyl hydrazine, then water added, till a 
turbidity was obtained. A yellow crystalline sub-
stance was precipitated, which dissolved with a deep-
blue colour in concentrated sulphuric acid, this 
giving place to a red substance on addition of water, 
a reaction typical of hydrazide hydrazones. 
The colourless product (m.p. 105°) therefore 
appeared to be the beta-hydrazide of the yellow anhydro-
base, formed by a splitting of the pyridine ring. In 
this case, therefore, the anhydrobase does not undergo 
the intramolecular change shown to be typical of the 
mono-substituted N-amino-pyridinium iodides. Rather 
part of the anhydrobase polymerises to give a sticky, 
reddish-brown mass, while a small amount undergoes 
hydrolysis, involving the breaking open of the pyridine 
ring and the formation of a beta-hydrazide. 
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N-Diphenylamino-~hyl-~,6-diphenyl-pyridinium iodide. 
______.:c.,: 
(CH3)(C6H5)2C5H2N(I)N(C6H5)2 
(c.f. snssenguth. Dissertation, Jena, 1922). 
An attempt to prepare this compound by treatment 
of the pyrylium compound with di-phenylhydrazine in ben-
zene resulted in the formation of a sticky oil, which 
could not be induced to crystallise. From alcohol and 
glacial acetic acid no precipitate was obtained. In 
ether, a dark oil was again isolated. 'l'he reaction 
was found to proceed smoothly in a mixture of alcohol 
and ether. 
3g. Pyrylium iodide were suspended in 50cc. of 
an alcohol-ether mixture (2/3 ether and 1/3 alcohol) and 
2g. diphenyl-hydrazine added. On warming for one hour 
on the waterbath, the red iodide disa~peared and compact 
yellow crystals formed. The yield was 4•3g. The com-
pound was recrystallised by dissolving in a little alco-
hol and adding an equal quantity of ether. Crystallisa-
tion was induced by scratching with a glass rod. The 
I) 
substance had m.p. 137 • 
Attempted intramolecular change. 
bawe and polymerisation product. 
(a) c.f. snssenguth. 
~ormation of anhydro-
An alcoholic solution of this pyridinium iodide, 
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treated with dilute sodium hydroxide solution gave a 
yellow amorphous precipitate of the anhydrobase, which, 
if immediately isolated, readily dissolved in acids and 
ether. The base was more stable than the corresponding 
base from methyl-phenylhydrazine, but polymerised in a 
short time to a dirty yellow substance. It gave a 
violet colouration with carbon disulphide in the freshly 
precipitated condition, but none in the polymerised state. 
(b) lg. of the pyridinium iodide was dissolved in 
25cc. hot alcohol and 5cc. 2~. sodium hydroxide added. 
The mixture was refluxed for three hours and allowed to 
cool. The product was rather oily until completely 
cold, when a dirty yellow amorphous substance was ob-
o 0 tained. It melted between 50 and 60 • Recrystal• 
lisation from a number of solvents was tried, but even 
from the most likely the substance came out either 
unchanged in the amorphous form or as a sticky oil. 
On attempting to re-form the original pyridinium iodide 
by dissolving the substance in a little dilute acetic 
acid and adding a few drops of potassium iodide solution, 
no quaternary iodide was obtained, the substance being 
reprecipitated as an amorphous powder. 
Again, therefore, the anhydrobase does not 
undergo the normal intramolecular change, but polymer-
ises completely to a dark yellow amorphous product. 
In this case, no beta-hydrazide was observed. 
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